The Relationship Between Phosphorus and Zinc in Corn Plants by Deibert, Edward J.
South Dakota State University
Open PRAIRIE: Open Public Research Access Institutional
Repository and Information Exchange
Electronic Theses and Dissertations
1967
The Relationship Between Phosphorus and Zinc in
Corn Plants
Edward J. Deibert
Follow this and additional works at: https://openprairie.sdstate.edu/etd
This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research Access Institutional Repository and
Information Exchange. It has been accepted for inclusion in Electronic Theses and Dissertations by an authorized administrator of Open PRAIRIE:
Open Public Research Access Institutional Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu.
Recommended Citation
Deibert, Edward J., "The Relationship Between Phosphorus and Zinc in Corn Plants" (1967). Electronic Theses and Dissertations. 3289.
https://openprairie.sdstate.edu/etd/3289
· / 
THE RELATIONSHIP BETWEEN PHOSPHORUS AND-ZINC IN CORN PLANTS 
BY 
EDWARD J. DEIBERT 
A thesis submitted 
in partial fulfillmGnt of the requirements for the 
degree Master of Science, Major in 
Agronomy, South Dakota 
State University 
1967 
.. OUTH DAKOTA STATS U L ARY 
1 ·  
THE RELATIONSHIP BETWEEN PHOSPHORUS AND ·ZINC IN CORN PLANTS 
This thesis is approved as a creditable and independent 
investigation by a candidate for the degree, Master of Science, 
and is acceptable as meeting the thesis requirements for this 
degree, but without implying that the conclGsions reached by the 
candidate are necessarily the conclusions of the major department. 
Thesis Advisor 
Head, Agronomy Departmeni 
ACKNOWLEDGEMENT 
The author wishes to express his most sincere appreciation 
and gratitude to Mr. Raymond C. Ward, Instructor in Agronomy at 
South Dakota State University, for his assistance in suggestion of 
the problem, valuable advice and encouragement throughout the duration 
of the phosphorus-zinc study. Sincere appreciation is also extended 
to Dr. L. 0. Fine and other staff members for any assistance they may 
have contributed toward the completion of this thesis. 
Special thanks is given to my wife Sharon for her undivided help, 
understanding and enduring patience throughout this thesis in its 
entirety. 
Acknowledgement is also expressed to the Cominco Products Inc. 
for the financial assistance given the author through a grant-in-aid. 
E.J.D. 
1. INTRODUCTION 
2. REVIEW OF LITERATURE 
TABLE OF CONTENTS 
Page 
1 
3 
Phosphorus And Zinc Content Of Plants • • • • • • • � • • • 3 
P-Zn Interaction 
Counteracting Effects On The P-Zn Interaction . 
Soil Effects On Zinc Uptake 
Soil Reaction • .  
. • . ' . . . . . 
4 
7 
7 
7 
Organic Matter . • • • • . • • • • . • • • • • . • • • 8 
Temperature . . • 
Fertilizer Effects On Zinc Uptake • 
Zinc Status Of Soils 
3. EXPERIMENTAL PROCEDURE 
Soils . •  
Treatments 
Greenhouse Procedure 
Part I 
Part II 
Analytical Procedures 
Soil 
Plant . 
Statistical Analysis 
4. INTERPRETATION OF EXPERIMENTAL DATA . 
Soil Analysis 
8 
9 
11 
14 
14 
14 
17 
18  
19  
20 
20 
22 
23 
24 
24 
pH 
Soluble Salts 
Cation Exchange Capacity 
Organic Matter 
Phosphorus 
Potassium . 
Titratable Alkalinity . 
Zinc 
"A" Values 
Plant Analysis - Part I 
Yield . 
65zn Activity . 
Zinc Concentration 
Total Zinc Uptake 
Phosphorus Concentration 
Total Phosphorus Uptake 
P:Zn Ratios 
Potassium Concentration . 
Plant Analysis Part II 
65zn Activity . 
Zinc Concentration 
Phosphorus Concentration 
P:Zn Ratios 
Potassium Concentration 
. 
Page 
. 24 
24 
27 
27 
27 
27 
. 27 
28 
28 
30 
30 
36 
38 
42 
45 
49 
52 
54  
63  
6 3  
6 8  
71 
76 
-; 76 
5. SUMMARY AND CONCLUSIONS . 
6. LITERATURE CITED 
. . 
Page 
82 
86 
Table 
1. 
LIST OF TABLES 
Description and location of the South Dakota soils 
selected for conducting the greenhouse experiment . 
2. Numerical identification of soils, treatments and 
plant parts • . • • • • • • • • • . • • • • •  
3. Chemical properties of the South Dakota soils selected 
for conducting the greenhouse experiment 
4 • Part I : "A" Value de terminations • • • 
5 . Part I: Correlation between "A" values and soil 
extractable zinc by the O. lN HCl and EDTA procedures 
6. Part I: Dry weight yields of corn plants as influenced 
by various levels of applied phosphorus and/or zinc 
Page 
15 
25 
26 
29 
29 
fertilizer • • • • • • • • • • • • • • • • • • • • • • •  • 32 
7. Part I: 65zn activity in corn plants as influenced by 
the application of phosphorus fertilizer 37  
8. Part I: Zinc concentration of corn plants as  influenced 
by various levels of applied phosphorus and/or zinc 
9 .  
10. 
11. 
12. 
1 3. 
fertilizer • • • • . • • • • • • • . • • • • . • • 39 
Part I: Total zinc content of corn plant tops as 
influenced by various levels of applied phosphorus 
and/or zinc fertilizer • . • • • • . • • • . . • .  
Part I: Phosphorus concentration of corn plants as 
influenced by various levels of applied phosphorus 
and/or zinc fertilizer . • • . • • • . •  
Part I: Total phGsphorus content of corn plant tops 
as influenced by various levels of applied phosphorus 
and/or zinc fertilizer . . . . . . . . . . . . . 
Part I: Phosphorus:Zinc ratios of corn plants as 
influenced by various levels of applied phosphorus 
and/or zinc fertilizer . . . . . . . . . 
Part I: Potassium concentration of corn ·plants as 
influenced by various levels of applied phosphorus 
and/or zinc fertilizer . . . . . . . . . . . . . . . 
43 
46 
. . . . 50 
. . . . 5 3  
. . . . 55 
Table 
14. Part I: Significant differences of yield and concentration 
of zinc, phosphorus and potassiuill of corn plant tops, at the· 
Page 
. 01 level, as determined by Student-Newrnan-Keul's test • • .  5 9  
15. Part I: Significant differences of yield and concentration 
of zinc, phosphorus and potassium of corn plant roots, at the 
. 01 level, as determined by Student-New.nan-Keul's test 60 
16. Part I: Significant differences of yield and concentration 
of zinc, phosphorus and potassium of corn plants, at the 
. 01 level, as determined by Student-Newrnan-Keul's test 61 
17. Part I: Significant differences of zinc, phosphorus and 65zn 
activity of corn plants, at the .01 level, as determined by 
Student-Newman-Keul's test • • . • • • • 62  
18. Part II: 65zn activity of corn plant parts as influenced 
by the application of phosphorus fertilizer . • • . 6 4  
19. Part II: Zinc concentration of corn plant parts as 
influenced by the application of phosphorus fertilizer 6 7  
20. Part II: Phosphorus concentration of corn plant parts as 
influenced by the application of phosphorus fertilizer 72 
21. Part II: Phosphorus:Zinc ratios of corn plant parts as 
influenced by the application of phosphorus fertilizer 75 
22. Part II: Potassium concentration of corn plant parts as 
influenced by the application of phosphorus fertilizer 77 
23. Part II: Significant differences of the concentration of 
65zn activity, zinc, phosphorus and potassium in corn plant 
parts, at the .01 level, as determined by Student-Newman-
Keul 's test . . . . . . . . . . . . . . . . . . . . . . . . . 81 
LIST OF FIGURES 
Figure 
1. Geographical location of the soil collection 
sites in relation to South Dakota • • • •  
2. Part I: Average dry weight yields of corn plants 
Page 
16 
as influenced by various levels of applied phosphorus 
and/or zinc fertilizer • • • • • • • • • • • • • • • • • • •  35 
3. 
4. 
5. 
6. 
7. 
Part I: Average zinc concentration of corn plants 
as influenced by various levels of applied phosphorus 
and/or zinc fertilizer • • • • • • • •  
Part I: Average total zinc content of corn plant 
tops as influenced by various levels of applied 
phosphorus and/or zinc fertilizer • • • •  
Part I: Average phosphorus concentration of corn 
plants as influenced by various levels of applied 
phosphorus and/or zinc fertilizer • . • • • • • •  
Part I: Average total phosphorus content of corn 
plant tops as influenced by various levels of applied 
phosphorus and/or zinc fertilizer • • • • •  
Part I: Average potassium concentration of corn 
plants as influenced by various levels of applied 
phosphorus and/or zinc fertilizer • • •  
8. Part II: Average 65zn activity of corn plant parts 
as influenced by the application of phosphorus 
fertilizer 
9. 
10. 
11. 
Part II: Average zinc concentration of corn plant 
parts as influenced by the application of phosphorus 
fertilizer • • • • • • • • • • • •  
Part II: Average phosphorus concentration of corn 
plant parts as influenced by ·the-application of 
phosphorus fertilizer • • • . • • • • • • • • • •  
Part II: Average potassium concentration of corn 
plant parts as influenced by the application of 
phosphorus fertilizer • . • . • • • • • • • • • •  
41 
44 
48 
51  
57 
65 
70 
73 
79 
INTRODUCTION 
Zinc is one of the micronutrients required for plant growth. 
The plant requirement is very small in relation to the macronutrients: 
nitrogen, phosphorus and potassium . Even with a small plant require­
ment, zinc deficiency is one of the more common micronutrient 
deficiencies . Zinc deficiency symptoms have been observed on a 
number of agricultural crops in many parts of the country including 
South Dakota. 
Zinc deficiency symptoms were first observed on corn in the south 
central part of the state in the late nineteen fifties . Since that 
time, deficiency symptoms have been observed with increasing frequency 
over several parts of the state . An extremely large number of de­
ficiency symptoms were observed by the author during the spring of 1965 . 
Corn has been the major crop in South Dakota exhibiting zinc 
deficiency, however, deficiency symptoms have been observed on soy­
beans. Zinc deficiency symptoms have appeared on corn grown on soils 
that were very sandy, low in organic matter, highly calcareous, severely 
eroded, leveled for irrigation, high in native phosphorus and/or where 
high rates of phosphorus had been applied. 
The addition of phosphorus fertilizer has been the major concern 
in South Dakota relative to zinc deficiency . In 1964 the addition of 
23 pounds of P2O5 per acre created a zinc deficiency problem in Tripp 
County in the south central part of the state . It was assumed that the 
addition of phosphorus fertilizer rendered the zinc unavailable to the 
plant . 
The use of phosphorus fertilizer is rapidly expanding, which may 
create zinc deficiency problems in other areas. Therefore, a green­
house investigation was set up to study the effect of phosphorus and 
zinc applications to South Dakota soils. The investigation was 
centered around the alleviation of the difficulty involved in the use 
of phosphorus fertilizer, and/or possibly suggesting an answer to the­
P-Zn interaction since there yet remains to be found a satisfactory 
explanation for the mechanism involved . 
2 
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REVIEW OF LITERATURE 
Zinc, a plant -nutrient which is required in small amounts, has 
been shown to be one of the essential nutrients for c�op growth ( 18,37). 
Even with this small requirement, zinc deficiency symptoms have been 
observed on a wide variety of agronomic and horticulture crops. The 
zinc deficiency symptoms can be caused by a number of factors. Some 
of these factors are a low concentration of soil zinc, others 
influence the absorption of zinc by the plant, while others may alter 
the translocation of zinc within the roots or other conductive plant 
tissue. 
Soils that have been leveled for irrigation or are severely 
eroded tend to be low in available zinc content (18). Soils high in 
organic matter content are usually low in available zinc ( 18). Soils 
high in calcium carbonate decrease the solubility and reduce the 
availability of the zinc in the soil (37) . The reduction in zinc uptake 
by the plant is a pH effect and not a calcium effect (44). 
Zinc deficiency symptoms have been observed on soils receiving 
high application rates of phosphorus fertilizer (45). Recent 
literature has indicated that the zinc deficiency caused by added 
phosphorus fertilizer appears to be a P-Zn interaction that is 
physiological in nature (36). The interaction may involve an alteration 
in zinc translocation by the plant. 
Phosphorus And Zinc Content Of Plants 
A number of research workers have presented data on the con­
centration of zinc and phosphorus in relation to plant parts. 
Hiat· and Massey (16) found that zinc accumulated in the nodes of corn 
plants that showed zinc deficiency symptoms or were severely stunted. 
Wallihan et £1_. (42) reported that zinc precipitated along the veins 
of bean plants when grown in solutions of high available phosphorus . 
65zn accumulated around the primary veins of corn leaves in a 
study conducted by Sayre (31). The concentration of zinc did not vary 
from the base to the tip or from the midrib to the leaf margin. He 
also found that 32 P was higher in the veins of corn plant leaves than 
the area between. 
Work by Riceman and Jones (28) indicated that when 65z� was added 
to culture solutions, the activity concentrated in the roots and young 
leaves of subterranean clover. 
Wiebe and Kramer (47) found that when 32 P was added to the roots 
at various locations, the 32P moved downward and accumulated several 
centimeters behind the tips of barley roots. The further up the roots 
the 32 P was introduced into the root, the more 32p was translocated to 
the area behind the root tips . 
Biddulph and Woodbridge (4) found that under certain conditions, 
iron and phosphorus precipitate at the root surface and in the 
conductive tissue of the stem and leaf of bean plants to block the 
transfer of other ions. 
P-Zn Interaction 
Large reductions in yield and .zinc deficient plants have occurred 
on soils with abnormally high soluble or total phosphorus (37). The 
application of phosphorus fertilizer has also brought about poor yield 
4 
results. Early research workers suggested that -the added phosphorus 
hastened the physiological maturity which placed the crop in a critical 
stage when soil moisture was also at a minimum (45). The reduction 
in yield was later attributed to a disturbed zinc utilization caused 
by a P-Zn interaction. The interaction occurred with increasing 
frequency on those soils already high in native phosphorus or where 
phosphorus fertilizer was applied and the zinc concentrations in the 
soil were approaching a critical level. 
5 
Bingham and Garger (5) suggested that the zinc may be precipitated 
by phosphate ions within the soil because applications of phosphorus 
fertilizer reduced the uptake of zinc in orange seedlings grown in the 
greenhouse. Spencer (34) showed that superphosphate and lime 
applications decreased the zinc concentration in the roots and decreased 
the ratio of root zinc to leaf zinc in grapefruit trees indicating that 
the zinc was immobilized in the soil. 
Viets et ill..· (41) found that the concentration of zinc in corn 
plants showing zinc deficiency symptoms was as high as normal plants. 
This relationship indicated that if an interaction occurred between 
phosphorus and zinc, the interaction may be located in the plant. 
Burleson et £1_. (11) found that phosphorus fertilizer induced 
zinc deficiencies in bean plants. Analysis of the plant material 
showed that zinc absorption increased with zinc fertilizer and 
decreased with phosphorus fertilizer applications. 
Added phosphorus fertilizer increased the phosphorus uptake but 
reduced the zinc uptake, and when zinc and phosphorus fertilizer were 
applied in combination, the uptake of zinc was lower than when zinc was 
added alone . The phosphorus uptake was also lower ·than when phosphorus 
fertilizer was applied without zinc . They toncluded from the observa­
tions that the P-Zn antagonism occurred in the plant and not in the 
soil. 
In a growth chamber experiment, Burleson and Page ( 1 2) found that 
increasing the level of phosphorus in flax plants prior to zinc 
6 
addition in the substrate generally caused an increase in the concen­
tration of zinc in the roots, a decrease in the tops and zinc deficiency 
symptoms . Increasing the level of zinc in the plant before addition of 
phosphorus decreased the phosphorus in the tops and increased the 
phosphorus content of the upper roots at high levels of zinc and 
phosphorus . They concluded that under conditions of phosphorus induced 
zinc deficiency, the immobilization of zinc by phosphorus occurred 
within the root or possibly at the root surfaces. 
Langin et§.!. . (21 )  found a detrimental effect of applied phosphorus 
fertilizer on the concentration of zinc in the corn plant . Low levels 
of readily available phosphorus fertilizer as band application or heavy 
applications of broadcast fertilizer decreased the content of zinc in 
the plant tops indicating a P-Zn interaction. Therefore, it was 
concluded that the damaging effect of phosphorus on zinc utilization 
was largely physiological within the plant . 
Recent work by Stukenholtz et .§1_. (36) in field and greenhouse 
studies on the P-Zn interaction showed that the depressive action of 
phosphorus on zinc uptake in corn appears to be largely physiological in 
nature. The interaction is expressed at the root surfaces _and/or in 
the root cells and is not a chemical inactivation of zinc by phos­
phorus in the soil. They indicated that the translocation of zinc from 
roots to tops was inhibited by elevated phosphorus concentration, with 
7 
a sharp reduction in zinc concentration of nodal and internodal tissue 
of corn. They found that yield restrictions could not be predicted from 
P:Zn ratios in the tissue. 
Counteracting Effects On The P-Zn Interaction 
Other plant nutrients counteract the damaging effect of phosphorus 
on the P-Zn interaction. The application of potassium fertilizer in­
creased the uptake of zinc in orange tree leaves when phosphorus 
fertilizer was applied to the soil in research work by Labanauskas 
et tl• (20). 
Ward et .§1_. (43) concluded that the P-Zn interaction in corn was 
reduced on soils with a higher exchangeable potassium saturation level. 
Stukenholtz et tl• (36) showed that increased levels of native or 
applied potassium reduced the depressive effect of phosphorus on zinc, 
and that concomitantly placed nitrogen promoted zinc uptake at the same 
time that it benefited phosphorus utilization. 
Soil Effects On Zinc Uptake 
Soil Reaction 
Zinc availability decreases with increasing alkalinity or free 
lime in the surface soils . Wear (44) concluded that the reduction in 
zinc uptake as a result of increasing alkalinity was a pH effect and 
not a calcium effect. Koli and Stangel (19) found that an increase 
in pH of the soil detreased the zinc content �nd yield of dry matter 
·of the corn plant • . 
Thorne ( 37) suggested that the reduction in zinc availability is 
caused by the formation of Zn(OH)2 when the soil pH is above 6. 0. As 
the pH increases to pH 7. 8 and above, the formation of zincates (Zno2
=} 
occurs which are less soluble. 
Organic Matter 
Early studies have suggested that organic matter chelates or 
complexes zinc and may be a significant {actor in zinc deficiency. 
Thorne ( 3 7) indicated that the zinc deficiency symptoms were more 
prominent on organic soils or where large amounts of barnyard manure 
had been applied. However, in a study conducted by Tucker and Kurtz 
( 39), a comparison of several chemical methods· for the extraction of 
zinc showed no significant amount of zinc in the organic fraction. 
DeRemer and Smith (14) incubated soil with sugar beet tops and 
found an increase in zinc content of the acid and H202 extractable 
fractions of the soil and a decrease in the water extractable and 
exchangeable portions. It was concluded that the decomposing organic 
material tied up the available zinc. Shoukry et al. (33) studied the 
effect of decomposing sugar beet tops and alfalfa residue on the in­
activation of 65zn in the soil. A continuous increase in 65zn activity 
was associated with the residue as time progressed. The sugar beet­
tops gave a greater inactivation of 65zn than the alfalfa residue. 
Temperature 
Ellis et £1. (15} investigated the concentration and total uptake 
8 
of zinc in corn plants with reference to temperature. Whe� ·the temper­
ature was decreased from 75 °F to 55 °F, a decrease in the concentration 
and total uptake of zinc occurred in the plants. 
Martin et £1. (25) found soil temperature to be an important 
9 
factor in determining whether massive phosphorus fertilizer applications 
induced zinc deficiencies in tomatoes. The acute zinc deficiency symp­
toms associated with high phosphorus treatments at 5QOF and 6QOF were 
not observed at 70 °F and so °F. As the �oil temperature was increased, 
progressively less benefit was received from added zinc. 
In a short-term growth chamber experiment, Bauer and Lindsay (3) 
discovered that elevated soil temperatures above 43oc greatly 
increased the uptake of zinc by corn plants. The uptake of zinc by 
corn plants on nonfertilized soil was higher when the soil was incubated 
for a short period of time, but in the fertilized soil the uptake was 
greater after a long period of incubation. Incubated soils in the 
presence of moisture increased the available zinc more than the dry 
soil. They suggested that the soil microbial population may well be 
involved in the release of the zinc or a nonbiological dependent 
mechanism may occur even though zinc availability did not increase 
with increased increments of temperature. 
Fertilizer Effects On Zinc Uptake 
Boawn et £1. (6) found that different forms of nitrogen affected 
the uptake of zinc by sorghum plants . The uptake and concentration of 
zinc in the plant being greatest when the nitrogen source was (NH4) 2S04 
and least with Ca(N03) 2 • They suggested that the increased zinc uptake 
was due to the change in pH of the soil brought about ·by · the nitrogen 
carrier. Viets et §.1 .  (41) indicated that an increased uptake of zinc 
occurred in some plants when zinc was broadcast and nitrogen banded . 
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Shaw and Dean (32) studied the effect of band and broadcast 
applications of 65zn on the uptake by corn plants grown in the green­
house . They found a greater uptake of 65zn by the corn plants when the 
fertilizer was broadcast . A greenhouse study was conducted by Brown and 
Krantz (8) to study the effect of source and placement of zinc 
fertilizer on the uptake and correction of zinc deficiency in corn 
plants. The inorganic source (ZnS04) and organic sources (ZnEDTA or 
Rayplex) were equivalent in effectiveness for the correction of zinc 
deficiency when mixed with the soil . The organic sources proved 
superior when the zinc sources were banded under the seed . 
A study by Langin et tl_ .  (21) showed that band applications of 
starter fertilizer containing phosphorus decreased the amount of zinc 
uptake in the corn plant. The band application produced a greater 
reduction in yield than the broadcast application of phosphorus fer­
tilizer . Lessman and Ellis (23) studied the response of pea beans to 
added zinc as influenced by two phosphorus carriers . The zinc content 
of the plant was related to the water soluble zinc present in the fer­
tilizer . The yield and zinc uptake -indicated, that on the calcareous 
soils studied, the ammonium polyphosphate was a more effective zinc 
carrier for supplying zinc to the plant than the ammonium orthophosphate . 
Mortvedt and Giordana (26) studied the zinc movement in the soil 
by spot placement of ZnS04 with various carriers of nitrogen and 
phosphorus . The 2 .0N MgCl and l . ON HCl extractable zinc showed that 
the radial movement of zinc in the soil was essentially the same for 
ZnS04 and ZnS04 with fertilizer carriers . This suggested that 
soil-zinc reactions were predominant over the carrier-zinc reactions . 
Romsdal and Lindsay (29 )  experimented with the influence of various 
salts on the movement of zinc from a fertilizer band in the soil . 
They found that fertilizer movement was influenced by the zinc source: 
ZnDTAA > ZnEDTA > ZnS04 = ZnC12 = Zn(N03) 2 > ZnO = ZnC03 . The 
11 
movement from the band increased with the addition of salts as NH4+, K+, 
ca+2 of c1-, No3
-, and so
4
-2 • Applications of phosphorus fertilizer 
in the band increased the movement of zinc from the band in the orde� 
of Ca(H2P04)2 > (NH4)3HP207 > NH4H2P04 • . 
Zinc Status Of Soils 
Extraction of zinc from sandy soils with O . lN HCl gave Wear and 
Sommer (46) a high positive correlation with zinc deficiency symptoms 
of corn . The results obtained indicated that corn grown on soils with 
less than 1 . 0 ppm of O . lN HCl extractable zinc would exhibit deficiency 
symptoms . 
An extraction method of dithizone and ammonium acetate was 
employed by Shaw and Dean (32) to test acid soils for available zinc . 
They found a good relationship between extractable zinc and zinc 
deficiency . Zinc deficiency was not observed when extractable soil 
zinc values were above 0 .5 ppm . 
Tucker and Kurtz (39) compared eight extraction procedures for 
determining extractable soil zinc . They found a high positive cor-
relation between dithizone-NH4Ac and O . lN HCl extractable zinc. 
Nelson et tl• (27) suggested that even though acid extractable 
zinc values correlate well with crop response, the correlation is 
limited to areas of similar conditions . They developed a method of 
acid-extractable zinc in conjunction with "ti tratable alkalinity'' 
to be used over a wider range of soils, especially the highly cal­
careous soils. "Ti tratable alkalinity" is defined as the milli­
equivalents of HCl required to titrate the soil to pH 5 . 0 .  It 
measures the amount of calcium carbonate present in the soil . The 
results indicated a good separation of deficient from nondeficient 
soils when the O. lN HCl extractable soil zinc was plotted against 
"titratable alkalinity". They suggested that 4 pounds per acre of 
extractable zinc would be adequate for noncalcareous soils . Cal­
careous soils would require up to 15 pounds per acre of extractable 
zinc to remain nondeficient. 
Martens et £1. (24) studied the effect of total zinc, pH, clay 
content and organic carbon on the extractability of soil zinc by four 
methods . The_ relative amounts of zinc extracted were in the order 
Aspergillus niger > O . lN HCl > dithizone-NH4Ac > 0. 2M MgS04. 
Correlation data indicated the A .  niger extracted a fixed fraction 
of the total zinc . Consequently, total zinc and A .  niger extractable 
zinc were of equal importance in the prediction of zinc uptake by corn 
plants . Statistical interactions between clay and organic carbon in 
relation to O . lN HCl extractable zinc were explained on the basis of 
12 
an organo-clay complex formation . An increase in organic matter content 
at constant levels of clay increased the amount of zinc bound by the 
organo-clay complex which resulted in an increase in O.lN HCl extract­
able zinc. They concluded that the quantity of zinc extracted by 
1 3  
O.lN HCl over that extracted by the dithizone-NH4Ac method was not 
extractable by plants since a high correlation was observed between the 
two extraction procedures. The 0.2M MgS04 method varied with pH, 
clay and organic carbon suggesting that this procedure extracts only 
soluble and readily exchangeable zinc. 
A new method of assessing the zinc status of soils was recently 
proposed by Trierweiler and Lindsay (38) . The method consisted of 
shaking 10  grams of soil with 20 ml. of extractant containing 
O.OlM EDTA and l.OM (NH4) 2C03. This method excelled the other 
methods tested in separation of Colorado soils into zinc deficient 
and nondeficient categories. Soils with less than 1.4 ppm of EDTA 
extractable zinc gave a yield response to either the zinc or zinc 
plus phosphorus treatments . The zinc treatment without phosphorus 
gave a yield response on those soils testing less than 1.0 ppm EDTA 
extractable zinc. 
204366 
��OTH DAKOTA STATE UNIVERSITY LIBRARY 
EXPERIMENTAL PROCEDURE 
A two part greenhouse experiment was set up in the spring of 1966 
to study the effect of high rates of phosphorus fertilization on 
several South Dakota soils with respect to its influence on the uptake 
and translocation of zinc . Part I was conducted to study the effect 
14  
of various phosphorus fertilizer applications on zinc uptake, the need 
for zinc fertilizer on different South Dakota soils and the correlation 
of yield response from zinc fertilizer with two methods of extracting 
available soil zinc. Part II of the experiment was set up to study 
the mobility of zinc in corn plants and the effect of applied phosphorus 
fertilizer on the translocation and accumulation of zinc in corn plant 
parts. 
Soils 
A number of soils were collected from various corn producing 
areas of the state where zinc deficiency symptoms had been observed. 
Five soils with variable phosphorus, zinc and pH levels were selected 
from the soils collected to conduct the experiment. The description 
and classification of each soil is given in Table 1. Figure 1 gives 
the geographic location of the soil collection sites in the state of 
South Dakota. 
Treatments 
Seven fertilizer treatments with various phosphorus and/or zinc 
levels were used in the experimental study . The treatments, listed 
on page 1 7, are given as actual pounds of each element per acre based 
on two million pounds of soil per acre . 
Table 1. Description and location of the South Dakota soils selected for conducting the 
greenhouse experiment. 
1. Anselmo sandy loam - The soil was collected in Tripp County (NW¼ of Sec. 1 0-T96N-R78W) near 
Clearfield, South Dakota. It is a well drained Chestnut soil that was 
formed from aeolian deposits of loamy fine sand and silt. 
7th Approximation Classification: Typic Haplustell, coarse loamy, 
mixed, mesic. 
2 .  Hecla sandy loam - The soil was collected in Beadle County (SW¾ of Sec. 27-Tl09N-R6 1W) sout� 
of Huron, South Dakota. It is a well drained Chernozem soil that was 
formed from deposits of sands and loamy sands. 
7th Approximation Classification: Cumulic Haploboroll, sandy, mixed. 
3. Anselmo sandy loam@ - The soil was collected in Fall River County ( Sec. ll-T75 S-R8E) on the 
Angostura irrigation project. The area had been leveled for irrigation. 
This well drained Chestnut soil was formed from aeolian deposits of 
loamy fine sand and silt. 
7th Approximation Classification: Typic Haplustell, coarse loamy, mixed, 
mesic . 
4. Poinsett silt loam - The soil was collected in Hamlin County (NW¼ of Sec. 36-Tll3N-R55 W) south 
of Bryant, South Dakota. This well drained Chernozem soil was formed 
from silty drift. 
7th Approximation Classification: Typic Haploboroll, fine-silty, mixed. 
5. Kranzburg silt loam - The soil was collected at the Northeast (Watertown) Research Farm in 
Codington County (NW¼ ·of Sec. 20-Tll9N-R5 2W). It is a well drained 
Chernozem soil that was formed from silt loams and silty clay loams over 
glacial till. 
7th Approximation Classification: Typic Haploboroll, fine-silty, mixed. 
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N + p + K + Zn 
0 + 0 + 0 + 0 (No fertilizer) 
320 + 0 + 80 + 0 
320 + 0 + 80 + 30 (Zn broadcast) 
320 + 40 + 80 + 0 (P banded) 
320 + 40 + 80 + 0 (P broadcast) 
320 + 200 + 80 + 0 (P broadcast) 
320 + 200 + 80 + 30 (P and Zn broadcast) 
All nitrogen applications were broadcast while all potassium was 
banded. The broadcast applications were mixed with soil. The banded 
applications were placed to the side and below the seed. 
The source of nitrogen, phosphorus, potassium and. zinc fertilizer 
was ammonium nitrate (NH4N03) ,  calcium phosphate (Ca(H2P04)2•H20), 
potassium chloride (KCl), and zinc sulfate (ZnS04•7H20), respectively. 
The zinc fertilizer source for the 320+o+80+30 and 320+200+80+30 
treatments was tagged with 65zn isotope . 
All seven treatments were used in Part I of the experiment . 
Treatments 320+o+80+30 and 320+200+80+30 were compared in Part II . 
Greenhouse Procedure 
The experiment was carried out in a steam heated greenhouse 
during March and April of 1966 . The temperature was maintained at 
700F with daytime temperatures exceeding this value during the sunny 
days. A fourteen hour day was simulated by the use of 300 WLJtt flood 
lamps which were extended over the plants. A single cross (Ml4XSD5) 
corn was selected as the test crop because the two lines are carried 
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in many of the corn hybrids grown in South Dakota ; 
Part I 
Part I consisted of weighing up 3000  grams of air dried soil 
in polyethylene lined gallon containers . The broadcast applications 
of nitrogen and phosphorus fertilizer were mixed with the 3000  grams 
of soil in a twin shell blender for five minutes . Banded applications 
of phosphorus and potassium fertilizer were placed one inch below and 
one inch to the side of the seed . 
The zinc fertilizer which was tagged with 65zn was prepared by 
combining the ZnS04 with the isotope source in a solution . Four 
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ml . of the solution was added to 50 grams of finely ground soil and 
allowed to dry . After drying, the zinc was thoroughly mixed with the 
5 0  _grams of soil . The prepared sample was added to the greenhouse soil 
sample (29 50 grams) and mixed with the twin shell blender . The added 
30 lbs . of zinc per acre rate contained 24 . l  microcuries of 65zn in 
each container . 
Five corn seeds were planted to each container . Distilled water 
was added to each container to bring the soil up to a field capacity 
moisture level . A field capacity moisture level was simulated by the 
addition of distilled water as needed for the duration of the 
experiment . 
After two weeks the plant population was cut to two plants per 
container . The excess plants were cut up and returned to the container . 
Fifty-five days after planting the corn plant tops and roots were 
harvested . The roots were removed from the soil by a 5 0% ethanol 
solution which made a slurry for easy root remova� . The roots 
were immediately rinsed with distilled water to remove all soil 
particles . 
Part I I  
Part I I  consisted of weighing up 1500 grams of air dried soil in 
polyethylene lined half-gallon containers . The fertilizer for the 
two treatments was added to each soil using the same procedure 
explained in Part I .  The 65zn source added to each container was 
calculated at 22 . 2 microcuries . 
After addition of the fertilizer, four corn seeds were planted 
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in each container . Distilled water was added to bring the soil 
moisture to field capacity . Two weeks after planting �he plant 
population was cut to two plants per container . The extra plants were 
cut up and returned to the container . Thirty-five days after planting 
the corn plants were harvested . The roots were extracted from the soil 
by the same procedure explained in Part I .  The corn plants were 
divided into six r plant parts as follows: 
Root Tips 
Roots 
- Consists of all the tips of radicle, the 
nodal (permanent) roots, seminal roots 
and all fine roots or root hairs extending 
from the main body of the root . 
- Consists of the main body of the radicle, 
nodal and seminal roots after the removal 
of the root tips as defined . I ncludes the. 
first internode between the seed and the 
coleoptile node . 
Nodal Area - Consists of the coleoptile nodal root 
area and the growing point which consists 
of the nodal tissue, internodal elongation 
tissue and the tassel. Includes a small 
portion of root, leaf sheath and coleop­
tile. 
Leaf Sheath - Consists of the leaf sheath of the 
developed leaves from the nodal area 
up to the second leaf. Includes the 
first leaf and a small area of the 
coleoptile. 
Old Leaf 
Blades 
- Consists of the leaf blades of all fully 
emerged leaves that have formed a 
junction between the blade and sheath. 
Young Leaves - Includes the area above the leaf sheath 
after removal of the old leaf blades. 
Consists of the young leaves that are 
not fully developed and are present in 
the whorl. 
' 
Analytical Procedures 
pH - Distilled water was added to the soil in a ratio of 1:1 and 
allowed to set 30 minutes . The suspension was stirred and the pH 
determined with a Beckman Zeromatic pH meter. 
Soluble Salts - The soluble salt content was determined on the 
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1:1 soil to water extract by measuring the conductance on a conductivity 
bridge. 
Cation Exchange Capacity - The C. E . C .  was determiried by direct 
distillation of ammonia as outlined by Russel (30) • . A 5 gram soil 
sample was saturated with l .0N  ammonium aceta.te buffered to pH 7 .o , 
excess acetate removed by 70% methanol, and NH3 determined by 
distillation and titration . 
Organic Matter - A rapid organic matter test was used which 
involved oxidizing the organic matter of 1 gram of soil with 10 ml . 
of 2.0 N  potassium dichromate and 20 ml. of concentrated sulfuric 
acid ( 17) .  The green color formed by the reduced chromate was 
measured on a Coleman Junior model 6A spectrophotometer . 
Phosphorus - Soil phosphorus was determined by the method of Bray 
and Kurtz (7) using the � 03N NH4F and . 0 25N HCl extractant . Color 
was developed by the molybdate-stannous chloride and read on a 
Coleman Junior model 6A spectrophotometer .  
Potassium - The exchangeable potassium of the soil was determined 
by the extraction of 2 grams of soil with 10 ml. of l . 0N ammonium 
acetate buffered at pH 7 . 0 . The potassium content was determined on 
the soil extract by a Perkin-Elmer model No. 146 flame photometer .  
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Titratable Alkalinity - The titratable alkalinity which measures 
the amount of CaC03 present in the soil was determined by the procedure 
used by Nelson et tl• (27) . This me thod consists of titrating 2 grams 
of soil to a pH of 5 . 0 with standard 0 . lN HCl . 
Zinc - The extraction of zinc was determined by two methods . In 
both methods the concentration of zinc in the extract was determined 
by direct atomization of the filtrate in a Perkin-Elmer 303 Atomic 
Absorption Spectrophotometer. The first method determined the acid 
soluble zinc by a modified procedure outlined by Nelson et §1_. (27) 
using a O.lN HCl extractant. After standing overnight in a 1 :25 ratio 
of soil to O . lN HCl, the soil solution mixture was shaken for 30 
minutes and filtered. 
The second method used for zinc determination was the new method 
proposed by Trierweiler and Lindsay (38). The procedure consisted of 
extracting the zinc by shaking 10 grams of soil in 20 ml. of extracting 
solution containing O . OlM £OTA and 1.0 M (NH4)2C03 for 30 minutes 
before filtering. 
Zinc "A" Values - Zinc "A" value determinations were based on an 
isotope dilution technique using 65zn . The values were calculated by 
the method outlined by Comar (13) . The "A" values give the amount of 
zinc in the soil that is available to the plant . The values were 
calculated from the 65zn activity found in the plants. 
Plant 
Plant Preparation - The harvested corn plant material was dried 
for two days at 1400F in a forced air oven . The plant material was 
ground in a stainless steel Wiley mill. The material containing 
radioactive zinc was ground separately and stored in a radioactive 
designated area . The same procedures were used for Part I and II . 
65zn Activity - A 0.5 or 1.0 gram sample was weighed into a 
plastic counting vial. The 65zn activity of - the sample was counted 
for 5 minutes in a Packard Auto-Gamma Spectrometer. Prepared standards 
were counted using 1 ml. of  the 65zn-ZnS04 solution added to the soils . 
Plant Digestion � A 0.5 or 1.0 gram sample w?s digested for the 
determination of zinc, phosphorus and potassium by the procedure 
outlined by Allan ( 1), Buchanan and Muraoka ( 10). The procedure 
consisted of digesting the sample in 17 ml. of concentrated nitric 
acid and 3 ml. of 70% perchloric acid . 
Zinc - The zinc concentration was determined djrectly from the 
HN03-HCl04 digestion solution by atomization in a Perkin-Elmer 30·3 
Atomic Absorption Spectrophotometer. 
. . 
Phosphorus - Total phosphorus was determined colorimetrically on 
the HN03 -HCl04 digestion solution by modifications of Barton ' s  (2) 
method. 
Potassium - Total potassium was determined directly on a diluted 
· sample of the digestion solution with a Perkin-Elmer model No. 146 
flame photometer. 
Statistical Analysis 
Part I of the experiment was set up in a Split-Block (Randomized 
Complete Block) design with three replications, seven treatments and 
five soils. The corn plants were divided into tops and roots. 
Part II of the experiment was set up in a Randomized Complete 
Block design with four replications, two treatments, five soils and 
six plant part divisions. 
The statistical analysis of the data was computed by the methods 
described by Steel and Torrie ( 3 5) and LeClerg et al. ( 22) • 
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INTERPRETATION OF EXPERIMENTAL .DATA . 
The presentation and interpretation of experimental results will 
be divided into soil and plant analysis . The plant analysis section 
will be discussed in two parts . Part I discusses the yield and 
nutrient content of the corn plant · as influenced by various levels 
of applied phosphorus and/or zinc fertilizer . Part II relates the 
influence of high rates of applied phosphorus fertilizer to the 
concentration and mobility of zinc in various corn plant parts . 
Numerical designations for soils, treatments and plant parts 
were necessary to facilitate the presentation of data and statistical 
evaluations . The numerical designations are summarized in Table 2 .  
Referen� is made to this table throughout the interpretation of the 
data . 
Soil Analysis 
The five soils selected for conducting the greenhouse experiment 
were analyzed for various chemical properties . The chemical 
properties for the individual soils are listed in Table 3 on page 26 . 
The 1: 1 pH values of the soils covered a wide range . The sandy 
loam soils ranged from 6 . 8  to 8 . 1 . The silt loam soil pH values were 
6 .6 and 7 .5 .  
Soluble Salts 
The soluble salt content for all soils was below . 30 mmho ./cm . · 
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Jable 2. Numerical identification of soils, treatments and plant parts. 
( 1 )  
( 2) 
( 3) 
( 4) 
( 5)  
Soils County 
Anselmo sandy loam Tripp 
Hecla sandy loam Beadle 
Anselmo sandy loam@ Fall River 
Poinsett silt loam Hamlin 
Kranzburg silt loam Codington 
Fertilizer Treatments 
(N+P+K+Zn lbs . /acre) (Application method) . 
(A) O+O+O+o 
( B) 320+0+80+o 
(C) 320+o+80+30 Zinc broadcast 
(D) 320+40+80+o* Phosphorus banded 
(E) 320+40+80+o Phosphorus broadcast 
(F) 320+200+80+0 Phosphorus broadcast 
(G) 320+200+80+30 Phosphorus and Zinc broadcast 
Note : All nitrogen applications broadcast. All 
potassium appl ications banded. The zinc 
fertilizer applications in treatment (C) 
and (G) were t�gged with radioactive 
labeled 65 zn. 
Plant Parts - Part I I  
( t) Root Tips 
( r) Roots 
( n) Nodal Area 
( i) Leaf Shea th 
(o) Old Leaf Blades 
- (1) Young Leaves 
Refer to the experimental procedure section for detailed information. 
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Table 3. Chemical properties of the South Dakota ·soils sele�ted 
for conducting the greenhouse experiment. 
Properties 
pH ( l: 1) 
Soluble Salts 
( mmho. /cm.)  
Cation Exchange 
Capacity 
(me . /1 00 9. )  
Organic Matter 
( percent) 
Phosphorus 
( l bs . /acre) 
Potassium 
( l bs . /acre) 
Ti tra table 
Alkalinity 
(me . /lOOg.) 
Zinc ( ppm) 
O . lN HCl  
EDTA 
Anselmo 
sandy 
loam 
6.8 
0 . 10 
4. 9 
0 . 7 
2 1  
470 
4 . 4 
1.5 
0 . 8 
Hecla 
sandy 
loam 
8.1 
0 . 26 
8.6 
1.5 
1 1  
360 
22.5 
4 .0 
1 . 4 
Soils  
Anselmo 
sandy 
loam @ 
7 . 8  
0 . 23 
4 . 8  
0 . 3 
70 
170 
9. 0 
1.8 
1. 0 
Poinsett 
silt 
loam 
7.5 
0 . 27 
22 . 2  
2 . 4 
4 
4 5 0 
10 . 8  
5 .5 
1. 1 
Kranzburg 
· silt 
loam 
6.6 
0 . 22 
21 . 5 
2.8 
24 
350 
9.6 
5.6 
1. 3 
which places them in the low range. 
Cation Exchange Capacity 
The C.E.C. ranged from 4.8 me./lOOg. in the Anselmo sandy loam@ 
·soil to 22.2 me./lOOg. in the Poinsett silt loam soil.  
Organic Matter 
The readily oxidizable organic matter content which estimates 
total soil nitrogen ranged from 0.3 to 2.8 percent. The sandy · loam 
soils were somewhat lower in organic matter content than the silt  loam 
soils. 
Phosphorus 
The Anselmo sandy loam@ soil was high in Bray # 1  extractable 
phosphorus (70 lbs. of P/acre). The other soils were in the low 
(4 and 11  lbs. of P/acre) to medium (21 and 24 lbs. of P/acre) range. 
Potassium 
The exchangeable potassium content of the soils ranged from 1 70 
27 
to 470 lbs. of K/acre. The Ansel.mo sandy loam@ soil was in the medium 
(150-250 lbs. of K/acre) range of exchangeable potassium. Al l other 
soils were in the high range (::>250  lbs. of K/acre). 
Titratable Alkalinity 
Titratable alkalinity of the five soils ranged from 4.4 me./lOOg. 
of soil in the Anselmo sandy loam soil to 22.5 me./lOOg. of soil in 
the Hecla sandy loam soil. All soils with exception of the Anselmo 
sandy loam were calcareous ('7 6.0 me./lOOg.) as classified by 
Nelson et tl- (27) . 
The 0. lN HCl extractable zinc of the soils ranged from 1 . 5 to 
5 .6 ppm . The two Anselmo sandy loam soils are zinc deficient 
according to a classification by Nelson et .§1._.  (27) . 
Extractable zinc by the EDTA method ranged from 0 . 8 to 1 . 4 ppm. 
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Soils with 1 .0 ppm or less extractable zinc are zinc deficient as 
classified by Trierweiler et .tl_. (38) . This includes the two Anse·lmo 
soils . Soils with a zinc content of 1 . 4 p�m or less are zinc deficient 
at high phosphorus levels according to Trierweiler (38) . All five 
soils fall into the zinc deficient category when high amounts of 
phosphorus fertilizer are applied . 
1 1 A" Values 
The "A I I  values determined for the five soils are given in Table 4 .  
The values were determined from the 65zn activity in the roots, the 
tops and the total plant . 
The "A I I  values for the soils were higher in the root determination 
than the top determination with exception of the Poinsett silt loam 
soil . The 1 1 A" values were highest when phosphorus fertilizer was 
applied with exception of the Anselmo sandy loam @ soil . Phosphorus 
fertilizer applied to the Anselmo sandy loam@ soil increased the "A" 
value in the root determination, but decreased the value in the top 
determination . 
The "A" value determinations indicate that added phosphorus fertil­
izer to the soil increases the plant extraction of zinc from the soil 
with exception of the soil already high in extractable phosphorus, the 
Table 4 .  Part I: "A" Val ue determinations . 
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Soils Treatments 
(N+P+K+Zn) 
Roots Tops Total Plant 
Anselmo sandy loam 
Hecla sandy loam 
Anselmo sandy 1 oam @ 
Poinsett silt loam 
Kranzburg silt loam 
3 2o+0+8o+30 
3 2o+20o+8o+30 
3 2o+o+8o+30 
3 2o+2oo+so+3o 
32o+o+8o+30 
3 2o+2oo+so+3o 
3 2o+o+8o+30 
32o+200+8o+30 
3 2o+0+8o+30 
3 2o+20o+8o+30 
4 .5 
8 . 4 
5 . 7 
8 .5 
5 . 6 
8 . 8  
6 . 3 
6 .6 
8 . 8  
11 . 9  
ppm 
3 . 2  
6 . 0 
5 . 4 
7 .1 
5 .5 
2 . 7 
9 .1 
10 .6 
7 . 4  
10 . 4  
3 .5 
6 .5 
5 .5 
7 .5 
5 .5 
4 .· o 
8 .1 
12 . 1  
7 . 8  
10 . 8  
Refer to Table 2 on page 25 for soil and treatment identification . 
Table 5 .  Part I: Correlation between "A" values and soil extractable 
zinc by the 0 . lN HCl and EDTA procedures . 
Extraction Procedure 
Q .  lN HCl 
EDTA 
Treatments 
(N+P+K+Zn) 
32o+o+8o+30 
32o+20o+8o+30 
32o+o-+8o+30 
32o-+2oo+80+3o 
* Denotes significance at the � 05 level. 
Coefficient 
r 
. 9085 *  
. 9125*  
.5510 
. 3946 
Anselmo sandy loam @ soil . The uptake of zinc from the · soil by the 
plant may be explained partially by the addi tional root growth 
obtained from phosphorus fertilizer applicat ions (See Table 6 on 
. page 32) • 
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Comparisons were made between the two chemical methods of extract­
ing soil  zinc and the available zinc in the soil  expressed as "A"  
values . The total plant "A" values were correlated wi th O. lN HCl · and 
EDTA extractable zinc .  The correlation values are given in Table 5. 
A high posi tive correlation was found between the O. lN HCl extract­
able soil  zinc and " A" values for the fertilizer treatment (C) or (G). 
No significant correlation was found between the EDTA extractable zinc 
and "A" values . The correlation for the five soils indicates that 
O.lN HCl extraction procedure gives a more reliable i ndication of the 
relati ve availabili ty of soil zinc to the plant . The validity of the 
correlation needs to be tested with a larger number of soils . 
Plant Analysis - Part I 
Plant analysis was determined on the corn plant tops and roots 
for the seven treatments described on page 25. The corn plant tops 
consisted of the combined above ground plant parts while the roots 
included the portion below the soil surface . The yield and the 
concentrations of 65zn activi ty, zinc�  phosphorus and potassium were 
determined on the tops and roots. Total uptake of phosphorus and zinc 
was determined on the corn plant tops . 
Yield 
The yields of the corn plants for individual soils are gi ven in 
Table 6 .  Statistical significance of the values for th� corn plant 
tops is given in Table 14 on page 59 . Significance for the corn 
plant roots is expressed in Table 15 on page 60 . 
Yield responses were obtained on all soils wheri fertilizer was 
applied to the soil . The yield data in Table 6 shows that each soil 
varied in yield response to the different fertilizer treatments. 
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The addition of  zinc (320+o+80+30) or zinc plus phosphorus 
(320+200+80+30) fertilizer to the Anselmo sandy loam soil significantly 
increased the yield of the corn plant tops above the yields of the 
other treatments . Phosphorus fertilizer had no significant effect on 
the yield of the tops unless accompanied with zinc . Zinc or phosphorus 
fertilizer had no effect on the root yield, but when phosphorus and zinc 
were both applied (320+200+80+30) a yield increase was observed . The 
data indicated the Anselmo sandy loam soil was low in zinc and possibly 
at a critical point for available phosphorus with adequate amounts of 
zinc . 
Broadcast applications of phosphorus fertilizer (40 or 200 lbs . 
of P/acre) to _the Hecla sandy loam soil significantly increased the 
yield of the corn plant tops over treatment B (320+o +BO+o) . The 
banded application of phosphorus fertilizer (320+40+80+o*) gave no 
significant yield increase . Zinc plus phosphorus (320+200+80+30) 
significantly increased the yield of the tops above the yield of the 
other treatments . The root yields on this soil showed a large amount 
of variability . Zinc fertilizer had no effect on the yield of the 
roots . Phosphorus fertilizer tended to increase the yield of the 
Table 6 . Part I :  Dry weight yields of corn plants as influenced by various levels of applied 
phosphorus and/or zinc fertilizer . ( Average of three replications ) 
Treatments Plant Anselmo 
(N+P+K+Zn) Parts sandy 
loam 
(A) o+o+o+o Tops 5 . 8 
Roots 3 . 0  
( B )  320+o+8o+0 Tops 7 . 3 
Roots 6 . 2 
( C )  J2o+o+so+Jo Tops 36 .6 
Roots 9 . 0 
( D) 32o+40+8o+0 * Tops 9 . 9 
Roots 4 .6 
( E ) 320+40+8o+0 Tops 9 . 9  
Roots 4 . 3  
( F ) 320+200+8o+0 Tops 13 . 4 
Roots 5 . 2 
( G )  320+20o+80+30  Tops 5 0 . 4  
Roots l l . 3  
Hecla 
sandy 
loam 
7 . 0  
3 .5 
13 .5 
5 .5 
14 .6 
4 .6 
20 .6 
6 . 9 
29 . 8  
1 0 . 6 
31 .6 
9 . 3 
47 . 2  
1 0 . 4  
-
Soils 
Anselmo Poinsett 
sandy silt 
loam @ loam 
grams per container 
4 .6 6 .5 
2 . 2  3 . 0 
36 . 0 11 . 7  
1 1 .6 5 . 2 
42 . 2  1 1 .6 
9 . 2 4 . 0 
25 . 9  22 . 0  
1 0 .5 8 . 7 
23 . 4 2 1 . 0  
8 . 2  1 1 . l 
25 .6  25 . 1  
1 0 . 0 1 0 .6 
35 . 8  63 .6 
s . o 15 . 3  
Refer to Table 2 on page 25 for soil and treatment identification . 
Kranzburg 
silt 
loam 
7 . 2  
3 . 4 
20 . 4 
8 .5 
38 . 7  
1 0 . 7 
3 0 .5 
12 .6 
2 1 .5 
8 . 9 
23 .6 
.J.� .-a 1, I 
5 9 .6 
12 . 2  
w 
tv 
roots. The Hecla soil was low ( 11 lbs. of P/acre) . in ex·tractable 
phosphorus which may explain the yield response received from applied 
phosphorus fertilizer. 
All fertilizer treatments applied to the Anselmo sandy loam @ 
soil significantly increased the yield of the tops and· roots above 
the yields of the no fertilizer treatment. Applications of phosphorus 
and/or zinc fertilizer had no significant effect on the yield of the 
tops and roots when compared to the nitrogen-potassium treatment. The 
highest yield of the corn plant tops was received with ·the 320+o+80+30 
fertilizer treatment. 
3 3  
Phosphorus fertilizer (200 lbs. of P/acre) applied to the Poinsett 
silt loam soil increased the yield of the corn plant tops over the 
yields of treatment (A), (B) and (C) . Zinc fertilizer had no effect 
on the yield of the tops ·unless accompanied by 200 lbs. of phosphorus 
per acre. The yield of the roots followed the same trend as the corn 
plant tops. This soil was exceptionally low in extractable phosphorus 
(4 lbs. of P/acre) which may explain the yield trend. 
Any fertilizer treatment applied to the Kranzburg silt loam soil 
significantly increased the yield of the tops and roots of the corn 
plants compared to . the no fertilizer treatment. Zinc and zinc plus 
phosphorus significan�ly increased th� yield of the tops from 20. 4  
grams for the 320+o+80+o treatment to 38.7 and 59.6 grams for the 
320+o+80+30 and 320+200+80+30 treatments, respectively. Phosphorus 
fertilizer treatments (40 or 200 lbs. of P/acre) did not signifi­
cantly increase the yield of the tops over the nitrogen-potassium 
treatment unless accompanied with zinc fertilizer • . The data indicates 
that the extractable phosphorus content of thi s  soi l is at a level 
where further applications of phosphorus fertilizer are not needed 
unless accompanied by an application of zinc fertil izer . 
The Anselmo sandy loam and Kranzburg silt loam  soils gave the 
highest percent yield increase of the tops when zinc fertilizer was 
applied . The yield increase obtained on the Kranzburg silt loam soil 
was not indicated by either soil  extractable zinc procedure . The 
Anselmo sandy loam@ soil was expected to give a yield _ response to 
added zinc fertilizer by zinc soil tests, however, this soil gave no 
significant yield increase when zinc fertilizer was applied . 
All soils were expected to give a yield increase from added zinc 
fertilizer at high soil phosphorus levels according to Trierweiler 
et £1. (38) . The expected response was not observed on the Anselmo 
sandy loam@ soil which was already high in extractable phosphorus . 
Some other element may have been limiting . 
The experimental yield data from the five South Dakota soils 
indicated that nei ther soil extractable zinc procedure was a good 
method for separating soils into zinc deficient and nondeficient 
categories unless the extractable phosphorus content of the soil is 
considered . 
The average yield of corn plants for all soils combined is given 
in Figure 2 .  Statistical references to this general trend are given 
in Table 16 on page 61. 
Figure 2 shows any application of fertilizer increased the yield 
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Part I: Average dry we ight  y ields of corn plants as 
inf l uenced by various levels of  appli ed phosphorus and/or 
z inc fertilizer . ( Average of three replications and f ive 
soils ) 
Treatments (N+P+K+Zn ) 
( A )  o+o+o+o 
( B )  32o+o+so+o 
( c )  32o+o+so+3o 
( D) * 32o+4o+so+o 
( E ) 32o+4o+sc+o 
( F )  320+2oo+so+o 
(G) 320+2oc+so+3o * Phosphorus banded 
of the tops significantly above the no fertilizer �reatment. The 
addition of 40 lbs. of phosphorus per acre (banded or _broadcast) 
did not significantly increase the yield of the tops over the yield 
of the nitrogen-potassium treatment. The addition of 30 lbs. of 
zinc per acre (320+{)+80+30) significantly increased the yield of the 
tops from 17. 8 grams in the 320+{)+80+{) treatment to 28. 7  grams. 
Phosphorus fertilizer (200 lbs. of P/acre) significantly increased the 
yield of the tops over the yield of the nitrogen-potassium treatment. 
The 320+200+80+30 fertilizer treatment significantly increased the 
yield of the tops· over the yields of all other treatments. 
All fertilizer applications significantly increased the yield of 
the roots over the yield of the no fertilizer treatment. The 
application of zinc or phosphorus fertilizer had no effect on the 
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yield of the roots when compared to the 320+o+80+o treatment. However, 
a significant yield increase was received over this treatment when 
both zinc and phosphorus fertilizer were applied. 
65zn Activity 
The 65zn activity was determined in the corn plant tops and roots 
grown on the soils where radioactive zinc fertilizer were applied 
(320+o +80+30 and 320+200+80+30). Table 7 gives the 65zn activity of 
the corn plant tops and roots. The statistical significance of the 
activity is shown in Table 17 on page 62. 
The application of phosphorus (320+200+80+30) to the Hecla 
sandy loam soil and Poinsett silt loam soil significantly decreased 
the 65zn activity in the corn plant tops below the 320+{)+80+30 
Table 7. Part I: 65zn activity in corn plants as influenced by the application of phosphorus 
fertilizer. (Average of three replications) 
Treatments Plant 
(N+P+K+Zn) Parts 
( C) 320+o+80+30 
(G) 320+200+80+30 
Tops 
Roots 
Tops 
Roots 
Anselmo 
sandy 
loam 
5322 
8028 
3471 
3910 
Hecla 
sandy 
loam 
5085 
9 459 
2274 
36 30 
Soils 
Anse lmo 
sandy 
loam@ 
counts 2er minute 
365 1 
586 7  
4050 
5 321 
Re fer to Table 2 on page 25 for soil and treatment identification. 
Poinsett 
si lt 
loam 
495 0 
7888 
1803 
25 78 
Kranzburg 
silt 
loam 
2776 
3911 
1795 
329 3 
w 
-..J 
treatment. The 65 zn activity in the tops was not s� gnificantly 
influenced by the application of phosphorus to either Anselmo 
sandy loam soil or the Kranzburg silt loam soil. 
A significant decrease in activity occurred in the roots when 
phosphorus fertilizer (320+200+80+30) was applied to the Anselmo 
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sandy loam, Hecla sandy loam and Poinsett silt loam soils. The activity 
in the roots did not significantly differ between treatment (C) and (G) 
for the Anselmo sandy loam@ soil and the Kranzburg silt loam soil. 
Zinc Concentration 
The zinc concentration was determined on the corn plant tops and 
roots for the seven treatments as shown in Table 8. Significant 
differences at the . 0 1  level are represented in Table 14 on page 59 and 
Table 15 on page 60 for the corn plant tops and roots, respectively. 
Zinc fertilizer (30 lbs. of Zn/acre) applied to the Anselmo sandy 
loam soil significantly increased the zinc concentration in the tops 
and roots of the corn plants when compared to fertilizer treatments 
without zinc. Phosphorus fertilizer (320+200+80+30) significantly 
reduced the zinc concentration in the tops and roots compared to 
treatment (C) . 
The 320+0+80+30 fertilizer treatment applied to the Hecla sandy 
loam soil significantly increased the zinc concentration in the tops 
and roots of the corn plants over all other treatments . · The zinc plus 
phosphorus treatment significantly increased the concentration of zinc 
in the corn plant roots over the no zinc treatments, but the increase 
did not occur in the corn plant tops . This indicates zinc was tied up 
Table 8 .  Part I: Zinc concentration of corn plants as influenced by various levels of applied . 
phosphorus and/or zinc fertilizer . (Average of three replications)  
Soils 
Treatments Plant Anselmo Hecla Anselmo Poinsett Kranzburg 
(N+P+K+Zn) Parts sandy sandy sandy silt silt 
loam loam loam@ loam loam 
m zinc 
( A )  o+o+o+o Tops 16 .6 17 . 7  27 . l  23 . 7 14 . 4 
Roots 23 . 8  20 . 7  35 . l  1 9 . 3 1 9 .6 
( B )  32o+o+8o+o Tops 3 2 . 7 1 9 . 4 10 . 7  3 9 . l 23 . 3 
Roots 18 . 4  22 . 7  21 .5 23 .5 22 . 9 
( C )  32o+o+80+3 o Tops 6 2 .  7 6 7 . 3 48 .6 78 . 0  40 . 0 
Roots 99 . 7  126 . 4  76 . 7  109 . l 61 . 0  
( D ) 3 20+4o+8o+0 * Tops 23 . 7  16 . 1  11 . 7  20 . 7  16 .6 
Roots 1 9 . 0  23 . 8  1·9 . 1  18. 8 20 . 9 
( E )  32o+4o+so+o Tops 22 . 4  12 . 2  9 . 2 21 .6 20 . 4  * Roots 23 . 3  21 . 8  1 7 . 3  21 . 8  22 . 9  
( F ) 32o+20o+Bo+0 Tops 21 . 3  14 . 2  11 . 4  16 . 7  13 .6 
Roots 24 . 9  24 .5 1 7 . 9  25 . 0  20 . 1  
( G ) 320+20o+80+30 Tops 47 . 2  3 2 .5 46 .5 29 . 7  29 .5  
Roots 59 . 2  55 . 4  81 . 7  52 . 0  57 .5  
Refer to Table 2 on page 25 for soil and treatment identification. 
w '° 
by the additional phosphorus fertilizer before translocaiion to the 
corn plant tops. 
The application of treatments (C) and (G) to the Anselmo sandy 
loam@ soil significantly increased the zinc concentration in the 
tops and roots over the other five treatments. Phosphorus fertilizer 
_ treatments had no significant effect on the zinc concentration of the 
tops and roots. 
40 
The zinc treatment (320+o+80+30) applied to the Poinsett silt" 
loam soil significantly increased the zinc concentration of the tops 
and roots over the other treatments . Phosphorus accompanied with zinc 
(320+200 +80+30) significantly increased the zinc concentration of the 
roots over the no zinc treatments, but significantly reduced the zinc 
concentration compared to the 320+o+80+30 treatment. The evidence 
indicated zinc was entering the roots at the high phosphorus treatment, 
but some zinc was held back or tied up before it was translocated to 
the corn plant tops. 
The application of zinc fertilizer (320+o+80+30) to the Kranzburg 
silt loam soil . significantly increased the zinc concentration of the 
tops and roots of the corn plants compared to the corn plants from 
the no zinc treatment. The addition of phosphorus plus zinc fertilizer 
(320+200+80+30) produced a significant increase in zinc concentration 
in  the roots , but had no effect on the tops when compared to the 
nitrogen-potassium treatment . The phosphorus fertilizer had no 
significant effect on the zinc concentration of the tops and roots 
when comparing treatment (C) and (G). 
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Figure 3. Part I: Average zinc concentration of corn plants as 
influenced by var ious level s o f  applied pho s'phorus and/or 
zinc fer t ilizer. (Average o f  three repl icat i ons and f ive 
so i l s )  
Treatments  (N+?+K+Zn) 
( A )  o+o+o+o 
(B ) 32o+o+so+o 
(C ) 320+0+8o+30 
( D ) *  32o+40+8 o+O 
( E) 3 20+4o-+3o+o 
( F )  3 20+2oo+so+o 
· (G) 32o+200+8o+30 * Pho sphorus banded 
4 1  
The average concentration of zinc in the corn plant · tops and 
roots increased with applied zinc fertilizer as shown in Figure 3.  
The increase was significant at the . 0 1  level as shown in Table 16 
42 
on page 6 1. Phosphorus fertilizer applications decreased the zinc 
concentration in the corn plant tops with little change in the zinc 
concentration of the roots. The zinc concentration was not signifi­
cantly different between the banded and broadcast applications of 
phosphorus fertilizer. Phosphorus plus zinc fertilizer (320+200+80+30) 
significantly reduced the zinc concentration in the corn plant tops 
and roots compared to the 320+o+80+30 treatment . 
Total Zinc Uptake 
The total uptake of zinc was determined on the corn plant tops. 
The milligrams of zinc in the corn plant tops for each soil are given 
in Table 9. Significant implications are shown in Table 1 7  on page 62. 
The total uptake of zinc was significantly increased by the 
application of zinc or zinc plus phosphorus fertilizer to the three 
sandy loam soils and the Kranzburg silt loam soil when compared to the 
nitrogen-potassium treatment . The total uptake of zinc was signifi­
cantly increased in the tops of the corn plants grown on the Poinsett 
silt loam soil with only the zinc plus phosphorus treatment . 
Phosphorus (200 lbs . of P/acre) fertilizer significantly increased 
the total zinc uptake in the corn plant tops from the Hecla sandy loam 
and Poinsett silt loam soils when comparing treatments (C) and (G) . 
The increased zinc uptake can partially be explained by the added 
yield response received when phosphorus fertilizer was applied to 
Table 9. Part I: Total zinc content of corn plant tops as influenced by various levels o f  applied 
phosphorus and/or zinc fertilizer. (Average o f  three replications ) 
Treatments 
(N+P+K+Zn) 
(A) o+o+o+O 
( B )  32o+o+80+0 
( C )  32o+0+80+30 
( D ) 32o+4o+8o+O * 
( E ) 32o+4o+8o+O 
(F) 32o+20o+8o+O 
( G ) 32o+200+8o+30 
Plant 
Parts 
Tops 
, Tops 
Tops 
Tops 
Tops 
Tops 
Tops 
Anselmo 
sandy 
loam 
. 09 5  
. 236 
2. 30 
. 235 
. 221 
. 282 
2. 35 
Hecla 
sandy 
loam 
. 123 
. 260 
. 9 71 
. 322 
. 359 
. 435 
1.5 4  
Soils 
Anselmo 
sandy 
loam @ 
m9.!.._2er container 
. 125 
. 382 
2. 05 
. 29 6  
. 215 
. 289 
1. 71 
Refer to Table 2 on page 25 for soil and treatment identification. 
Poinsett 
silt 
loam 
. 153 
. 45 8  
. 9 05 
. 461 
. 45 8  
. 420 
1 . 90 
Kranzburg 
silt  
loam 
• 104 
. 475 
1.55 
. 5 1 1  
. 435 
. 324 
1. 76 
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Figure 4. Part I:  Ave�age tctal z inc content of corn plant tops as 
influenced by various levels of applied phosphorus and/or 
zinc fert i 1 izer . (Average of 'three r·eplications and five 
soils ) 
Treatments (N+P+K+Zn) 
( A )  o+o+o+0 
( B )  32o+o+8o+0 
( C ) -32o+o+8o+30 
( D ) * 32o+4o+8o+0 
( E )  3 2o+4o+so+o 
( F )  3 2o+2oo+so+o 
'(G) 32o+2Co+8o+30 * Phosphorus banded 
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these two soils. The application of phosphorus fe�tilizer to the 
Anselmo sandy loam@ soil, already high in extractable soil phosphorus, 
tended to decrease the total zinc uptake in the corn plant tops. The 
decrease was not significant at the .0 1 level. 
Figure 4 gives the average trend of total zinc uptake. The 
significant differences of the values are given in Table 1 7  on page 62. 
The highest content of zinc occurred in the corn plant tops where .zinc 
fertilizer was applied. Phosphorus fertilizer had no significant effect 
on total zinc uptake unless accompanied by zinc fertilizer. Zinc plus 
phosphorus significantly increased the total zinc uptake over the other 
fertilizer treatments. The increase is partially due to the increased 
yield obtained with treatment (G). 
Phosphorus Concentration 
The percent phosphorus in the corn plants for individual soils is 
given in Table 10. The statistical significance of the values for the 
corn plant tops is given in Table 14 on page 5 9 while Table 15 on page 
60  gives the significant values for the roots. 
Applications of phosphorus fertilizer (40 and 200 lbs. of P/acre) 
significantly increased the percent phosphorus in the tops and roots of 
the corn plants grown on the Anselmo sandy loam over the no phosphorus 
treatments . Zinc fertilizer, however� significantly decreased the 
percent phosphorus in the tops and roots when comparing 320+o+80+o 
with 320+o+80+30 and 320+200+BO+o with 320+200+80+30. 
Phosphorus fertilizer (200 lbs. of P/acre) applied to the Hecla 
sandy loam soil significantly increased the percent phosphorus in the 
Tab l e  10 . Part I :  Phosphorus concentration of corn plants as influenced by various levels of 
applied phosphorus and/or zinc fertilizer . ( Average of three replicat ions) 
Soils 
Trea tments Plant Anselmo Hecla Anselmo Poinsett Kra nzburg 
( N+P+K+Zn) Parts sandy sandy sandy silt silt 
loam loam loam@ loam loam 
l.. 
percent phosphorus 
( A )  o+o+o+o Tops . 192 . 1 5 0 . 3 5 0 . lll . 1 9 2 
Roots . 141 . 117  . 287  . 124 . 126 
( B )  32o+o+8o+0 Tops . 1 77 . 097 . 1 5 0 . 076 . 143 
Roots . 143 .124 . 143 . 100 . 133 
( C )  32o+o+8o+3o Tops . 095 . 103 . 1 5 1 . 088 . 100 
Roots . 09 1 . 1 28 . 140 . 11 5 . 103 
( D ) 32o+4o+8o+0 * Tops • 281 .102 . 231 . 105 . 1 29 
Roots . 242 . 129 . 166 . 11 5 . 109 
( E ) 3 20+4o+so+o Tops . 360 . 127 . 247 . 1 5 9 . 182 
Roots . 319  . 116 . 166 . 125 . 131 
( F ) 320+2oo+so+o Tops .509 • 216 .481 • 242 . 3 14 
Roots . 5 9 9  . 14 5 . 26 7  . 1 71 . 253 
( G )  32o+20o+B0+30 Tops . 353 .169 . 296 . 1 26 . 1 73 
Roots . 339 . 131 . 316 . 089  . 1 24 
Refer to Table 2 on page 25 for soil and treatment identification. 
.p.. 
(J"\ 
C?rn plant tops from .103 to . 2 16% . Zinc significantly teduced the 
percent phosphorus in the corn plant tops from . 216 to . 16 9 % when 
comparing treatment (F) and (G) . Applications of zinc and/or 
phosphorus had no significant effect on the percent phosphorus in 
the roots . 
Phosphorus fertilizer applied to the Anselmo sandy loam@ soil 
significantly increased the percent phosphorus in the corn plant tops . 
A significant increase in phosphorus concentration of the roots was 
observed at the 200 lb . per acre rate of phosphorus . Zinc fertilizer 
(320+{)+80 +30) had no significant influence on the percent phosphorus 
in the roots and tops . The application of zinc plus phosphorus 
(320+200+80+30) significantly increased the percent phosphorus in the 
roots from . 26 7 to . 316%, but decreased the percent phosphorus in the 
tops from . 481 to . 29 6% when compared to the 320+200+BO+o treatment . 
Broadcast applications of phosphorus fertilizer (40 and 200 lbs . 
of P/acre) to the Poinsett silt loam soil significantly increased the 
percent phosphorus in the tops over the 320+0+80+{) treatment . The 
banded application (320+40+80+o*) had no significant effect . Zinc 
significantly reduced the phosphorus concentration of the tops and 
roots when comparing 320+200+BO+o with 320+200+80+30 . 
The 200 lb . rate of phosphorus fertilizer (320+200+80+o) applied 
to the Kranzburg silt loam soil significantly increased the percent 
phosphorus in the corn plant tops and roots . Zinc decreased the 
percent phosphorus in the tops of  the corn plants when comparing the 
320+{)+80+30 treatment with the 320+0+80+o fertilizer application .  
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Part I: Average pho sphorus concentrati on of  corn plants as  
infl uenced by  various levels of  appl i ed phosphorus and/or 
zinc fertilizer . (Average of three replications  and f ive 
soil s) 
Treatments (N+P+K+Zn) 
( A )  o+o+o+o 
(B) 32o+o+so+o 
(C) 32o+o+8o+3 0 
( D ) * 32o+4o+so+o 
( E ) 3 2o+4o+so+o 
( F ) 3 20+20o+8o+O 
(G) 320+200T80+30 * Phosphorus banded 
A significant reduction in percent phosphorus also .occuried in the 
tops of the corn plants from applied zinc fertilizer when comparing 
treatment (G) and (F) . The bioadcast application of phosphorus 
fertilizer (320+40+80+o) significantly increased the phosphorus 
concentration in the tops, but the banded application ( 320+40+80+o*) 
had no significant effect . 
The average percent phosphorus of the corn plant for the various 
fertilizer treatments is shown in Figure 5. The significant dif­
ferences of the values represented in the figure are given in Table 
16 on page 61. The percent phosphorus in the plant tops and roots 
was significantly increased by added phosphorus fertilizer and 
decreased by zinc fertilizer applications . The percent phosphorus 
was significantly higher in the corn plant tops when the phosphorus 
fertilizer was broadcast . The percent phosphorus in the roots did 
not vary between broadcast and banded applications of phosphorus 
fertilizer. 
Total Phosphorus Uptake 
Table 1 1  gives the total phosphorus uptake of the corn plant 
tops . Significant differences are shown in Table 17 on page 62 . 
49 
The total phosphorus uptake was significantly increased in the 
corn plant tops when phosphorus fertilizer (320+200+80+30 and 
320+200+80+-D) was app lied to the five soils. The zinc fertilizer 
treatment (320+o+80+30) had no significant effect on the total uptake 
of phosphorus compared to the 320+{)+80+ 0 treatment . The zinc plus 
phosphorus treatment (320+200+80+30) applied to the Anselmo sandy loam 
Table 11 . Part I: Total phosphorus content of corn plant tops as influenced by various levels of 
applied phosphorus and/or zinc fertilizer. (�verage of three replications) 
Soils 
Treatments Plant Anselmo Hecla Anselmo Poinsett Kranzburg 
(N+P+K+Zn ) Parts sandy sandy sandy silt silt 
loam loam loam@ loam loam 
m�er container 
(A ) o+o+o+o Tops 11 .04 10 . 45 16 . 20 7 . 24 13 . 87 
( B )  32o+o+so+o ; Tops 12.5 8 12 . 96  54 . 27 8 . 96 29 . 21 
( C )  320+0+80+30 Tops 34. 88 14. 9 0  63 .63 10 . ll 38 . 76 
( D )  320+40+80+0 * Tops 27.72 20. 82 5 9 .62 22 . 75 39 . 27 
( E )  320+4o+so+o Tops 35.60 37. 29 57. 66 33. 22 41. 25 
( F ) 3 20+2oo+so+o Tops 68 . 75 68 .30 124.39 60. 86 74 . 26 
( G )  320+20o+8o+30 Tops 178. 18 79. 96 106 .05 80. 23 103 . 27 
Refer to Table 2 on page 25 for soil and treatment identification. 
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Figure 6. Part I :  Average total phosphorus content of corn plant 
tops as infl uenced by various l evel s of applied phosphorus 
and/or zinc fert i lizer. (Average of three repl icat ions and 
five soils) 
Treatments (N+P+K+Zn) 
(A ) o+o+o+o 
(B ) 32o+o+so+o  
(c) 32o+o+so+3o 
( D)* 32o+40+8Q-t-O 
( E) 320+40+8070 
( F) 320+20o+80+Q 
(G) 320+20o+8 0+30 
and Kranzburg silt loam 'soils significantly inc�eased the total uptake 
of phosphorus compared . to the 320+200+80+o treatment . The increase 
in total phosphorus recovered from added zinc fertilizer may partially 
be explained by the yield increase obtained from applied zinc fertil­
izer . 
The average total phosphorus uptake of the corn plant tops is 
52 
sho�n in Figure 6 .  Significant differences are given in  Table 1 7  on 
page 6 2 . The application of phosphorus fertilizer (200 lbs. of P/acre) 
significantly increased the total uptake of phosphorus in corn plant 
tops while the smaller application of phosphorus (40 lbs . of P/acre), 
whether banded or broadcast, had no significant effect . Zinc fertilizer 
had no significant influence on the total phosphorus uptake when 
comparing treatment (B) and (C) . Applied zinc significantly increased 
the total uptake of phosphorus from 79 . 3  mg . for the 320+200+80+o 
treatment to 109 .5 mg . for the 320+200+80+30 treatment . 
P: Zn Ratios 
The P:Zn concentration ratios were calculated for the corn plant 
tops and roots as shown in Table 12 . 
Zinc fertilizer decreased the P:Zn ratios considerably in the 
corn plant tops and roots when comparing treatment (B) and (C) and 
treatment (F) and (G) . The application of phosphorus fertilizer to 
all five soils increased the P:Zn ratios in the tops above the P:Zn 
ratios found in the 320+0+80+o treatment . The P:Zn ratios were 
increased in the roots by the application of phosphorus fertilizer 
to all soils compared to the 320+o+80+o treatment with exception of 
Table 12. Part I: Phosphorus: Zinc ratios of corn plants as influenced by various levels of applied 
phosphorus and/or zinc fertilizer. (Average of three replications) 
Treatments Plant Anselmo 
(N+P+K+Zn) Parts sandy 
loam 
(A) o+o+o+o Tops 116 
Roots 5 9  
( B )  320+o+8o+0 Tops 5 4  
Roots 78 
( C )  32o+o+8o+30 Tops 15 
Roots 9 
( D ) 320+4o+so+o * Tops 119 
Roots 129 
( E ) 320+40+8o+0 Tops 16 1 
Roots 137  
( F )  3 2o+20o+8o+0 Tops 239 
Roots 240 
( G ) 320+20o+8o+30 Tops 75 
Roots 5 7  
Hec la 
sandy 
loam 
85 
56 
50 
55 
15 
10 
63 
5 4  
104 
53 
152 
5 9  
5 2  
24 
Soi ls  
Anselmo 
sandy 
loam @ 
ppm P: l ppm Zn 
129 
82 
140 
67 
31 
18  
19 7 
87 
268 
9 6  
422 
149 
64 
3 9  
Refer to Table 2 on page 25 for soil and treatment identification. 
Poinsett Kranzburg 
silt  silt 
loam loam 
47 133  
64 64 
19 61 
43 58 
1 1  25 
10  17  
51 78 
6 1  52 
74 89 
5 8  5 7  
145 231 
68 126 
42 5 9  
17 22 
(.JI w 
the two . 40 lb. (320+40+80+0 and 320+40+80+D*) appli_cations of phos­
phoius per acr� to the- Hecla sandy loam and Kranzburg silt loam soils. 
The application of phosphorus plus zinc fertilizer (320+200+80+30) 
reduced the P:Zn ratios in the roots for all five soils compared to 
the 320+o+80+o treatment. The P:Zn ratios in the tops · were only 
reduced in the Anselmo sandy loam@ soil when treatment ( B) and ( G) 
were compared. 
The results indicated no clear relationship between P: Zn con­
centration ratios and yield data, zinc deficient plants or the P-Zn 
relationship. 
Potassium Concentration 
The percent potassium in the corn plant tops and roots for 
individual soils is given in Table 13. The statistical significance 
of the percent potassium for the corn plant tops is given in Table 14  
on page 5 9, while the significant differences for the roots are found 
in Table 15 on page 60. 
The application of the 320+200+80+30 treatment to the Anselmo 
sandy loam soil significantly reduced the percent potassium in the 
tops of the corn plants over all other fertilizer treatments . All 
fertilizer treatments signlficantly reduced the percent potassium in 
the roots when compared to the no fertilizer treatment. The zinc 
fertilizer treatments significantly reduced the percent potassium in 
the roots when comparing treatment (C) with (B), and treatment (G) 
with ( F) • 
All broadcast applications of phosphorus fertilizer to the Hecla 
54 
Table 1 3. Part I:  Potassium concentration of corn plants as influenced by various levels of 
applied phosphorus and/or zinc fertilizer. (Average of three replications) 
Soils 
Treatments Plant Anselmo Hecla Anselmo Poinsett Kranzburg 
(N+P+K+Zn) Parts sandy sandy sandy silt silt 
loam loam loam loam loam( 
percent potassium 
(A) o+o+o+o Tops 3.02 2.9 3 2.9 0 2.74 2.60 
Roots 2.60 2.18 1.80 2.03 l.9 4  
( B )  320+0+8o+o Tops 2.83 2.68 0.9 5 2.81  1 .88 
Roots 1.9 7  1.3 5 0.62 1.47 0.9 8 
( C )  3 20+o+Bo+30 Tops 2.5 3 2.83 1.26 3.1 3 1.38 
Roots 1.48 1 .23 0.48 1.24 0.5 6 
( D ) 320+4o+80+0 * Tops 2.9 3 2.24 1.18 1.88 1.01 
Roots 2.06 1.29 0.73 1.41 0.64  
( E )  32o+40+8o+o Tops 2.74 1.68 1 .20 1 .9 1  1.48 
Roots 2.00 · 0.9 8 o.6 7  1.21 0.81 
( F )  320+20o+8o+O Tops 2.9 1 1.6 2 1.1 7 1.9 7 1.5 7 
Roots 2.03 1.33 0.70 1 .44 0.78 
( G )  320+20o+8o+30 Tops 1.80 1.45 1.27 1.0 1  0.73 
Roots 1.09 o.6 7 0.5 6 0.5 6 0.42 
Refer to Table 2 on page 2 5 for soi l  and treatment identification. 
l]l 
l]l 
sandy loam soil significantly reduced the percent potassium in the tops 
compared to the 320-+0+BO+o treatment . The banded application of phos­
phorus ( 320+40+80-+0*) had no significant effect . All fertilizer treat-· 
ments applied to this soil significantly reduced the percent potassium 
in the roots below the no fertilizer treatment. The greatest reduction 
of potassium concentration in the roots occurred when both zinc and 
phosphorus fertilizer were applied to the soil. 
All fertilizer treatments applied to the Anselmo sandy loam@ soil 
significantly reduced the percent potassium in the corn plant tops and 
roots. 
All phosphorus fertilizer treatments applied to the Poinsett . silt 
loam soil significantly reduced the percent potassium in the tops . This 
may in part be due to a dilution effect created by the yield response 
received when phosphorus fertilizer was applied to the soil. The 
320+o+80+30 treatment had no significant effect on the potassium con­
centration in the tops and roots, however, when zinc was accompanied 
with phosphorus fertilizer the greatest reduction in potassium con­
centration occurred in the tops and roots . 
The percent potassium in the tops and roots of the corn plants 
grown on the Kranzburg silt loam soil was significantly reduced by 
all fertilizer treatments . The zinc plus phosphorus treatment signifi­
cantly reduced the potassium concentration below the potassium concen­
tration found in the nitrogen-potassium treatment . 
Figure 7 gives the average potassium concentration of the corn 
plant as influenced by various levels of applied fertilizer . The 
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Figure 7 • . Part I :  Average potas s ium concentration o.f _  corn p lants as 
influenc ed by var iou s  levels cf  applied pho sphorus and/or 
z inc fertilizer . (Average of three replications and five · 
soils) 
Treatment s  (N+P+K+Zn) 
( A )  o+o+o+O 
( B) 32o+o+so+o 
( C )  3 2o+o+Bo+30 
( D ) *  32o+4o+Bo+O 
( E ) 3 2o+4o+so+o 
( F) 3 2o+2oo+so+o 
(G ) 32o+20c+8o+3 0 * Phosphorus  band ed 
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significance of the values is shown in Table 1 6  on page . 6 1. 
The percent potassium in the tops and roots of the corn plants 
was significantly reduced by all fertilizer treatments. The decrease 
may in part be due to a dilution effect caused by the increased yield 
obtained when fertilizer was added. All phosphorus treatments signifi­
cantly reduced the potassium concentration in the tops below the value 
found in the nitrogen-potassium treatment. The percent potassium _in 
the roots was not influenced by the application of phosphorus fertil-
-izer, but the potassium concentration was significantly reduced by 
the addition of zinc fertilizer when compared to the nitrogen-potassium 
treatment. Zinc fertilizer (320+Q+B0+30) had no significant influence 
on the potassium concentration of the corn plant tops over the nitrogen-
. potassium treatment. The phosphorus plus zinc treatment significantly 
reduced the percent potassium in . the tops below the other fertilizer 
treatments. The potassium concentration in the tops and roots did not 
significantly differ between broadcast and banded applications of phos­
phorus fertilizer. 
Zinc fertilizer applications had a greater influence on reducing 
the potassium concentration in the roots. Phosphorus fertilizer 
applications had a greate� influence on reducing the potassium concen­
tration in the corn plant tops. The exact mechanism may involve a 
relationship among zinc, phosphorus and potassium which requires 
further investigation. 
Tabl e 14 . Part I :  Sign i f i cant d i f ferences o f  yi eld and conc entration o f  zinc , pho sphorus and · 
po ta s s i um of  corn pl ant tops, at the . 0 1 l eve l ,  a s  d etermi ned by Student-Newman-Keul ' s  t e st . 
(a) Pill•renc• behHII t"'1taente u,d .oila. 
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Re fer  to  Tab l e  -2 onpe19e . 25 fol" soil ·a nd -tn! a tment identi f i c a tfon .  Any two va l ue s  not underscored 
by the same l i ne  are  s ign i f i c a nt ly  d i f ferent • .  Lower va l ue s  are the mean o f  three repl i c at�ons . 
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Table 1 5 .  Part I :  Sign i f i cant d i fferences o f  yield  �nd concentration  o f  z inc , _ phosphorus and 
pota s s i um o f  corn pl ant roots,  at the . 01 l evel � as determined by Student-Newman-Keul ' s  test . 
(a) DUt•NNl• bet- tnata.nta and eoila. 
Yield 
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Re fer to Tab l e  2 on page 25 for so i l  a nd treatment ident i f i c a t ion . Any two va l ue s  not underscored 
by the same l i ne are s i gn i f i 9 antly d i f feren t .  Lower va l ue s  are the mea n . o f  three repl ic ations . 
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Tabl e  1 6 .  Part I :  Sign i fi cant d i fference s  o f  yi e ld  and c oncentration  o f  z i nc ; · pho�phorus and : . 
QOta s s ium o f  corn Ql ants ! at the . 01 l eve l ! a s  determ ined by Student-Newman-Keul ' s · test.  
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Refer to Tabl e 2 on page 25 for so i l  and treatment ident i f i cation.  Any two va lues  not  underscored 
by the same l i ne  a re s ign i f i c antly d i f ferent . Lower va l ues  are the mean of three repl i c at ions . 
Tab l e  1 7� Part I :  Signi fic ant d i f ference s  6 f  � inc , �ho sphorus _ a nd 65zn activity o f  corn pl ants � · 
§J the . 0 1 l evel , a s · determi ned by Student-Newman-Keul ' s  test.  
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Re fer to Tab l e  2 on page  25 for so i l .  and treatment ident i f i ca t i on. Any two va l ue s  not underscored 
by ihe same l i ne are s i gn i fi cantly d i f ferent.  Lower va l ues  the mean · o f  three repl i cat i ons.  
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' Plant Analysis - Part II 
Comparisons were made among six corn plant parts (root tips, 
roots, nodal area, leaf sheath, old leaf blades and young leaves) as 
concerns the concentrations of 6 5 zn activity, zinc, phosphorus and 
potassium as influenced by the application of a high rate (200 lbs. 
of P/acre) of phosphorus fertilizer. The corn plants were grown for 
3 5 days on the five soils used in Part I of the experiment. Treat� 
ments 320-+{)+80+30 and 320+200+8 0+30 were used in this study. 
6 5 zn Activity 
Table 18  gives the 6 5 zn activity of the corn plant parts for the 
individual soils. 
The nodal area contained the highest 6 5 zn activity when either 
treatment was applied to the Anselmo sandy loam soil. The leaf sheath 
and young leaves contained the lowest activity. The addition of phos­
phorus fertilizer decreased the 6 5 zn activity in all plant parts with 
exception of the old leaf blades. The greatest reduction in activity 
from added phosphorus fertilizer occurred in the nodal area. 
Corn plant parts from the Hecla sandy loam soil had the highest 
6 5 zn activity in the nodal area and the lowest 6 5 zn activity in the 
young leaves for the 320-+{)+80+30 treatment. The activity decreased 
in all plant parts when phosphorus was included in the fertilizer 
treatment. The greatest reduction in activity occurred in the nodal 
area, however, the nodal area activity remained higher than the other 
plant parts. 
The 6 5 zn activity was highest in the nodal area and lowest in 
6 3  
Table 18. Pa rt I I :  6 5zn activity of corn plant parts as influenced by the application of 
phosphorus fertilizer. (Average of four replications) 
Soils 
Pl ant Pa rts Treatments Anselmo Hecla Anselmo Poinsett Kranzburg 
(N+P+K+Zn) sandy sandy sandy silt silt  
loam loam loam @ loam loam 
counts 2er minute 
( t) Root Tips 320+0+80+30 11629 8278 11877 7703 8977 
320+200+80+30 11111 6106 10197 5652 4762 
( r) Roots 320+0+80+ 30 5981 5049 6648 4631 4252 
320+200+80+30 4344 4683 6946 2878 260 5 
( n) Nodal Area 320+o+80+30 35031 21428 2336 7 34395 33078 
320+200+80+30 20652 11256 227 1 5  9971 9088 
( i) Leaf Sheath 320+0+80+30 5363 4361 46 74 6493 4791 
320+200+80+30 3767 2928 4495 2300 2218 
( o) Old Leaf Blades 320+o+80+30 9847 8321  1 1864 7488 6869 
320+200+80+30 10675 56 10 10370 3832 · 4751 
( 1) Young Leaves 320+o+80+30 3878 4103 4874 3753 3702 
320+200+80+ 30 3706 3063 469 5  2485 27 57 
Refer to Table 2 on page 25  for soil, treatment and plant part identification. 
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Figure 8 .  Part I I: Average 6 5zn activity of corn plant parts as 
infl uenced by the application o f  phosphorus fertilizer . 
( Average of four replications and f ive so ils ) 
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the leaf sheath when either fertilizer treatment was applied to the 
Anselmo sandy loam@ soil . The phosphorus treatment reduced the 
activity in all plant parts with exception of the roots compared to 
the no phosphorus treatment. 
The 65zn activity determined in the corn plant parts from the 
Poinsett and Kranzburg silt loam soils followed the same pattern. 
The highest activity for either treatment occurred in the nodal area. 
The phosphorus fertilizer treatment reduced the activity in all plant 
parts, however, the greatest activity was still located in the nodal 
area. 
The · average 65zn activity of the corn plant parts for all soils 
combined is shown in Figure 8. The significance of the values is 
found in Table 23 on page 8 1 . The highest concentration of activity 
for either fertilizer treatment occurred in the nodal area followed 
66 
by the root tips and old leaf blades in decreasing amounts of activity. 
The application of phosphorus fertilizer ( 20 0  lbs. of P/acre) 
decreased the activity in all plant parts. A decrease from 29 460 to 
1 4736 cpm in the nodal area was significant at the . 01 level . Signifi­
cant decreases in 65zn activity also occurred in the root tips, old 
leaf blades and leaf sheath. No significant decrease was found in 
the roots or young leaves when phosphorus fertilizer (200  lbs . of 
P/acre) was applied to the soil . 
The nodal area of the corn plant appears to be the most sensitive 
to zinc accumulation because the greatest amount of activity was found 
in this area and the greatest reduction in activity occurred when 
Table 19. Part II: Zinc concentration of corn plant parts as influenced by the application of 
phosphorus fertil t zer. (Average of four replications) 
Soils 
Plant Parts Treatments Anselmo Hecla Anselmo Poinsett Kranzburg 
(N+P+K+Zn) sandy sandy sandy sil t  silt  
loam loam loam @ loam loam 
m zinc 
( t) Root Tips 3 20+0+80+ 30 153.6 114.2 141.1 125.4 127. 8 
3 20+200+80+ 30 148.0 9 8.1 140.0 104. 5 85. 5 
( r) Roots 220+o+80+30 88.0 73 . 4  9 5.6 .1 81.9 64. 5 
320+200+80+30 67. 7  72. 7 110 . 3  59. 7 50 .1 
( n) Nodal Area 320+o+80+30 344. 9 . 229. 9  257. 4  316. 3 339. 7 
320+200+80+ 30 218.6 130 . o  261.6 111. 9 9 8. 8  
( i) Leaf Sheath 320+o+80+30 69.3  59. 8 65.3  86.4 68.2 
320+200+80+ 30 56. 8 37.9 64.6 38.0 28.1 
( o) Old Leaf Blades 320+0+80+30 114.6 102. 7 139.9 100 . 5  87. 8  
320+200+80+ 30 125.9 77.6 123.3 64.4 61.0 
( 1 )  Young Leaves 320+o+80+30 53.6 52.0 66. l 6 L l  63.2 
320+200+80+ 30 57. 9  46.0 59. 8 46. 8 36.9 
Refer to Tabl� 2 on page 25 for soil , treatment and plant part identification. 
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phosphorus was applied · to the soil . Thus, a compa rison wa s made betwe
en 
the . activity . of nodal area s and "A" · value s (See Ta ble 4 on page 29) 
to 
determine if zinc availa bility can be correla ted with "A" values .  A 
larger "A" value means more of the zinc in the plant wa s obtained from 
the soil and les s  from the fertilizer . A reduction in 65zn activity 
also means les s zinc was obtained from the fertilizer . The activity i
n 
the nodal area was subs tantially les s  for four of the five soil s  when 
phosphorus was applied . Zinc "A" values were also increa s ed in the se 
four soils . So, it appears tha t the 65zn activity in the nodal area 
may be a good indica tor of the zinc availa bility from fertilizer. 
Zinc Concentra tion 
The zinc concentra tion of the corn plant pa r t s is_ given in 
Table 19 . The significant differences for the zinc concentra tion 
of the plant part s  are given in Ta ble 23 on pa ge 81. 
The highes t  concentration of zinc wa s found in the nodal a re a 
for either treatment applied to the Anselmo sandy loam soil. The 
a ddition of phosphorus fertilizer produced a significant decrea se in 
zinc concentra tion in the nodal area, root tip s, roots and l e af shea th
" 
Zinc concentra tion increased in the old leaf blades when phospho ru s  
fertilizer (200 lbs . of P/acre) wa s applied to  the soil . The increa se 
in the old lea f  bl ades from 114 . 6  to 125 . 9 ppm zinc wa s  significa nt a
t 
the .01 level . 
The zinc concentra tion wa s significantly decrea sed in all p l a n t 
parts  with exception of the roots when phosphorus fer tilizer (200 lbs . 
of P/a cre) was applied to the Hecla s andy loam soil . 
The Anselmo sandy 1oam@ soil showed the greatest v9riation in 
zinc concentiation of the corn plant parts when phosphorus fertilizer 
(200 lbs. of P/acre) was applied. The added phosphorus fertilizer 
significantly increased the zinc concentration of the roots from 95 .6 
to 1 1 0 . 3 ppm zinc and significantly decreased the zinc . concentration 
from 1 39. 3 to 123. 3 ppm zinc in the old leaf blades. The phosphorus 
fertilizer had no significant effect on the concentration of zinc in 
the nodal area, root tips, leaf sheath or young .leaves. 
The zinc concentration found in the corn plant parts grown on 
the Poinsett and Kranzburg silt loam soils were similar with respect 
to the two fertilizer treatments. The application of phosphorus 
fertilizer to these two soils significantly decreased the zinc con­
centration in all plant parts. 
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The average concentration of zinc in the corn plant parts for the . 
five soils combined is presented in Figure 9 .  The statistical signifi­
cance of the values is shown in Table 23 on page 81.  
The concentration of zinc in the corn plant parts followed much 
the same pattern as was observed with the 6 5 zn activity. The highest 
concentration of zinc in either treatment was located in the nodal area 
-followed by the root tips, - old leaf blades and roots in decreasing 
amounts of zinc. 
The addition of phosphorus fertilizer decreased the zinc concen­
tration in the nodal area (297.6 to 164. l ppm Zn), root tips (132.6 ·to 
1 15 . 4  ppm Zn), old leaf blades (109.5 to 90 .4  ppm Zn) and leaf sheath 
(69. 8  to 45 . 1  ppm Zn). All reductions were significant at the . 01 
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Figure 9. Part I I : Average z inc concentration of corn plant parts as 
influenced by the appl ication of phosphorus  fertilizer . 
( Average of four replications and f ive soils) 
level. The zinc concentration in the roots and young leqves was not 
significantly reduced when phosphorus fertilizer was applied to the 
soils. 
The high 65zn activity and zinc concentration in the nodal area 
for either fertilizer treatment suggests a possible storage area or 
the active growing portion located in this area requires a higher 
con�entration . The significant decrease in 65zn activity and zinc 
concentration of the nodal area, old leaf blades . and leaf sheath 
obtained from the application of phosphorus fertilizer indicates the 
zinc is being stopped in the plant before it reaches the nodal area . 
The phosphorus fertilizer application did not significantly reduce 
the concentration of zinc in the roots, but reduced the concentration 
in the root tips . This suggests the P-Zn interaction occurs in the 
roots (the main translocation ar�a) and not the root tips . 
Phosphorus Concentration 
The phosphorus concentration of the corn plant parts for indi­
vidual soils is given in Table 20 . The significant differences of 
the values are shown in Table 23 on page 8 1. 
The phosphorus concentration was lowest in the old leaf blades 
when the 320+0+80+30 treatment was applied to the Anselmo sandy 
l oam soil. The phosphorus concentration in the other plant parts 
was not significantly different. The addition of phosphorus fertil­
i zer (200 lbs. of P/acre) significantly increased the phosphorus con­
centration in all plant parts . 
The phosphorus concentration was the lowest in the old leaves 
Table 20. Part II: Phosphorus concentrition of corn plant parts as influenced by the application 
of phosphorus fertilizer. (Average of four replication� 
- Soils 
Plant Parts Treatments Anselmo Hecla Anselmo Poinsett Kranzburg 
( N+P+K+Zn) sandy sandy sandy silt silt 
loam loam loam @ loam loam 
percent phosphorus 
( t) Root Tips 32o+o+80+3o · .183 .180 .242 .166 .190 
320+200+80+30 .461 .259 .438 .259 .254 
( r) Roots 320+0+80+30 .117  .141 .190 .108 .121 
320+200+80+30 .380 .176 .376 .181 .185 
( n) Nodal Area 320+o+80+ 30 .1 73 . .183 .264 .19 1  .238 
320+200+80+30 .486 .260 .430 .237 .26 7 
( i) Leaf Sheath 320+o+80+ 30 .173 .177 .246 .194 �224 
3 20+200+80+ 30 .551 .274 .474 .250 .306 
( 0) Old Leaf Blades 320+0+80+30 .097 .10 7 .163 .094 .123 
320+200+80+30 .527 .192 .416 .157 .197  
( l )  Young Leaves 3 20+o+80+ 30 .166 .168 .237 .163 .200 
320+200+80+30 .512 .283 .470 .230 .289 
Refer to Table 2 on page 25 for soil , treatment and plant part identification. 
-..I 
I\) 
� 60 Treatmen t s  
� 3 2o+0+8o+30 
. 54 LJ 3 2o+200+8o+30 
. 48 
. 42 
. 36 
r 
0... . · 
+' . 30 
• 24 
� 
f 
- 1 8 �1 1 �l �1 1 � !  � !  
� '  
� !  4 1  . 1 2 �\- � !  
� � 
� !  � i  �· ' I ��J I 1 I\ ' ·.� . 06 t\ . i . ') I �--. , I �! � i  � ' �: \ <� ' ! � . ·,  l t c \ r ! '. \ \ f I . . I .. . . . 
Root  Roots Nodal Leaf Old Leaf Young 
Tips Area Sheath Blades Leave s 
Plant Farts  
Figure 10. Part II: Average pho sphorus c on centrat ion  of  corn plant 
parts as i n fluenced by the appli cat i o n  of pho sphorus 
fert ili zer . ( Average o f  four repli cati ons  and five soils) 
73 
when the 320+o+80+30 tr�atment was applied to the Hecla �andy loam 
soil. The application of phosphorus fertilizer (320+200+80+30) 
significantly increased the phosphorus concentration in all plant 
parts with exception of the corn plant roots. 
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The phosphorus concentration in the corn plant parts from the 
Anselmo sandy loam@ soil followed a sequence similar to the other 
sandy loam soils for the 320+o+80+30 fertilizer treatment. However, 
the plant parts were higher in phosphorus concentration. The phos­
phorus treatment (320+200+80+30) significantly increased the phosphorus 
co�centration in all plant parts. The roots contained significantly 
less phosphorus than the other plant parts when phosphorus fertilizer 
(200 lbs. of P/acre) was applied to the soil. 
The addition of phosphorus fertilizer (200 lbs. of P/acre) to the 
Poinsett silt loam soil significintly increased the phosphorus concen­
tration from . 166 to . 259 percent in the root tips and . 10 8  to . 18 1 
percent in the roots. The phosphorus concentration was not signifi­
cantly increased in the other plant parts when phosphorus fertilizer 
was applied to the soil. This soil was low in extractable phosphorus . 
The application of 200 lbs . of phosphorus per acre to the Kranz­
burg silt loam soil significantly increased the percent phosphorus in 
the leaf sheath, young leaves and old leaf blades. The phosphorus 
fertilizer had no significant influence on the phosphorus concentration 
in the nodal area, roots or root tips. 
The wide variation in phosphorus concentration in the corn plant 
parts may be partially explained by the - different extractable phos-
Table 21. Part I I: Phosphorus:Zinc ratios of corn plant parts as influenced by the application . 
of phosphorus fertilizer. (Average of four replications) 
Soils 
Plant Parts Treatments Anselmo Heel<?- Anselmo Poinsett Kranzburg 
(N+P+K+Zn) sandy sandy sandy silt silt 
loam loam loam@ loam loam 
m Zn 
( t) Root Tips 320-t-0+80+30 12 16 17 13 15 
320+200+80+30 31 26 31 25 30 
( r) Roots 320-t-0+80+30 13 19 20 13 19 
3 20+200+80+ 30 56 24 34 30 37 
( n) Nodal Area 3 20+o+80+ 30 5 8 10 6 7 
320+200+80+30 22 20 16 21 27 
( i) Leaf Shea th · 320-t-0+80+30 25 30 37 22 33 
3 20+200+80+ 30 97 72 73 66 109 
( 0 ) Old Leaf Blades 320+0+80+30 8 10 12 9 14 
320+200+80+30 42 25 34 24 32 
( 1 )  Young Leaves 320-t-0+80+30 31 32 36 27 32 
320+200+80+30 88 62 79 62 78 
--
Refer to Table 2 on page 25 for soil , treatment and plant part identification. 
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phorus contents of the �oils . 
The average phosphorus concentration of the corn plant parts is 
shown in Figure 10 . The phosphorus concentration was highest in the 
nodal area followed by the leaf sheath, root tips and young leaves in 
decreasing amounts of phosphorus for the 320-t-0+80+30 treatment . The 
roots and old leaf blades were significantly lower in phosphorus 
conc�ntration than the other plant parts as shown in Table 23 on page 
8 1 .  The addition of phosphorus fertilizer (200 lbs . of P/acre) signifi­
cantly increased the phosphorus concentration in all plant parts . 
P : Zn Ratios 
The P : Zn concentration ratios were calculated for the corn plant 
parts . These values are given in Table 2 1 . The lowest P : Zn ratios 
were found in the nodal area when the 320-t-0+80+30 fertilizer treatment 
was applied to the five soils . The highest P : Zn ratios for this treat­
ment were located in the young leaves or leaf sheath . 
The P : Zn ratios increased in all plant parts when phosphorus 
fertilizer (200  lbs . of P/acre) was applied to all soils . The P : Zn 
ratios w�re highest in the leaf sheath and young leaves and lowest in 
the nodal area . 
The P : Zn concentration ratios of the corn plant parts were 
insignificant in evaluating the influence of the application of phos­
phorus fertilizer on the translocation and accumulation of zinc or a 
P-Zn interaction . 
Potassium Concentra tion 
The potassium concentration of the corn plant parts is given in 
Table 22. Part II: Potassium concentration of corn plant parts as influenced by the application . 
of phosphorus fertili zer . (Average of four replications) 
-
Soils 
Plant Parts Trea tmen·ts Anselmo Hecla Anselmo Poinsett Kranzburg 
(N+P+K+Zn) sandy sandy sandy silt silt 
loam loam loam @ loam loam 
percent potassium 
( t) Root Tips 320+o+80+30 1.68 1.01 0 . 80 1.17 1. 30 
320+200+80+30 1.26 0 . 85 0 . 80 0 . 72 0. 76 
( r) Roots 320+0+80+30 1. 97 1.18 0.55 1.55 1. 38 
320+200+80+30 1.38 0.67 0.63 0.5 9 0.77 
( n) Nodal Area 320+o+80+ 30 4.42 2.55 1.09 4.68 3.24 
320+200+80+30 1. 80 0. 97 1.14 0. 88 0. 93 
( i) Leaf Shea th · 320+o+80+30 5. 88 4.73 2.24 4. 91 5 . 84 
320+200+80+30 2. 93 2. 85 2 .05 1.73 0 . 93 
( o) Old Leaf Blades 320+o+80+30 3.34 3.52 1.72 3.25 3.02 
320+200+80+ 30 2.38 2. 40 1.47 1. 43 0.68 
( 1) Young Leaves 320+o+80+ 30 3 . 82 3. 95 2.43 4. 25 3.73 
3 20+200+80+ 30 2. 49 2. 95 2.19 1 . 97 1.43 
Refer to Table 2 on page 25 for soil, treatment and plant part identification . 
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Table 22. 
The highest potassium concentration occurred in the leaf sheath 
and the lowest in the root tips when the 320-t{)+80+30 fertilizer treat­
ment was applied to the Anselmo sandy loam soil. The potassium concen­
tration was decreased in all plant parts by the addition of phosphorus 
fertilizer (320+200+80+30). The greatest reduction occurred in the 
nodal area. 
The leaf sheath contained the highest concentration of potassium 
when the 320+o+80+30 fertilizer treatment was applied to ·the Hecla 
sandy loam soil. The phosphorus fertilizer treatment (320+200+80+30) 
decreased the potassium concentration in all plant parts with exception 
of the root tips. The highest concentration of potassium was located 
in the young leaves for the phosphorus treatment. The roots and root 
tips contained the lowest potassium concentration for either treatment. 
The potassium concentration of the corn plant parts from the 
Anselmo sandy loam @ soil was lower than on the other soils for the 
320-t{)+80+30 fertilizer treatment. The low exchangeable potassium 
content of this soil may explain the lower values. The application of 
phosphorus fertilizer decreased the potassium concentration in the leaf 
sheath, old leaf blades and young leaves. The addition of phosphorus 
fertilizer to the soil (already high in extractable phosphorus) appeared 
to have little influence on the potassium concentration in the root 
portion. 
The potassium · concentration in the plant parts from the Poinsett 
and Kranzburg silt loam soils followed closely the results obtained in 
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the Anselmo sandy loam soil. Phosphorus fertilizer appli�ations reduced 
the potassium content in all plant parts . The greatest reduction 
occurred in the nodal area and leaf sheath. 
The average potassium concentration in the corn plant parts is 
given in Figure 1 1 .  The significant differences of the_ values are 
given in Table 23 on page 8 1 . The highest concentration of potassium 
was located in the above ground plant parts (nodal area, leaf sheath, 
old leaf blades and young leaves) for both treatments. The addition 
of phosphorus fertilizer significantly reduced the potassium concen­
tration in all plant parts except the root tips . The greatest 
reduction fn potassium concentration occurred in the nodal area and 
leaf sheath . 
The data indicates that the aµdition of high rates of phosphorus 
fertilizer influences the uptake and/or translocation of potassium . 
The relationshi p  between potassium and phosphorus may explain the 
counteracting effect potassium has on reducing the P-Zn antagonism 
which has been emphasized by other research workers (36, 43). The 
phosphorus�potassium relationship and the influence on the phosphorus­
zinc relationship requires further research work. 
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, SUMMARY AND CONCLUS IONS 
. A greenhouse experiment was set up to study the effect of phos­
phorus and/or zinc fertilizer on the phosphorus-zinc relationship in 
corn grown on South Dakota soils. 
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A high positive correlation was found between the O. lN HCl 
extractable soil zinc and "A" values. No significant correlation was 
found between "A" values and the .OlM EDTA-1. 0M  (NH4) 2C03 extraction 
procedure. The correlation for the five soils tested indicated that 
the O. lN HCl extraction procedure gives a more reliable indication of 
the soil zinc that is available to the plant. Yield data showed that 
neither extraction procedure was a reliable source for separating soils 
into zinc deficient and nondeficient categories unless the phosphorus 
content of the soil was considered. 
Applications of fertilizer to all soils increased the yield of 
the corn plant tops and roots. Zinc fertilizer increased the yield of 
corn plant tops on two soils. Zinc plus phosphorus fertilizer appli­
cations increased the yield of the corn plant tops on four soils. Zinc 
and zinc p�us phosphorus fertilizer applications had no influence on 
the yield of the tops from the soil high in extractable phosphorus and 
low in extractable zinc. Phosphorus fertilizer appiications to this 
soil reduced the yield of the tops. 
There was no difference between the yields obtained from the 
broadcast and banded application of phosphorus to all soils. 
Zinc fertilizer applications did not influence th� yield of the 
roots unless accompanied by phosphorus fertilizer. Phosphorus 
1 • 
fertilizer applications increased the yield of the roots on the soils 
low in extractable phosphorus. 
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The 65 zn activity was significantly decreased in the corn plant 
tops when phosphorus fertilizer was applied to the soils low in extract­
able phosphorus. The activity in the roots was reduced. by the addition 
of phosphorus fertilizer to soils with high amounts of extractable 
phosphorus. 
The zinc concentration in the corn plant tops and roots increased 
with applications of zinc fertilizer. Phosphorus fertilizer decreased 
the zinc concentration in the corn plant tops with little change in 
the zinc concentration of the roots. The zinc concentration in the 
tops and roots was not significantly different between the banded and 
broadcast fertilizer application. Phosphorus fertilizer had no signifi­
cant effect on total zinc uptake in the corn plant tops unless ac­
companied by zinc fertilizer. The total zinc content was signifi­
cantly higher in the zinc plus phosphorus treatment compared to the 
zinc treatment. 
The phosphorus concentration in the corn plant tops and roots 
was significantly increased by phosphorus fertilizer and decreased by 
zinc fertilizer applications. The phosphorus concentration was higher 
in the tops when the phosphorus fertilizer was broadcast . The phos­
phorus concentration in the roots did not vary between broadcast and 
banded applications of phosphorus fertilizer. Total uptake of phos­
phorus in the corn plant tops was significantly increased at only the 
high rate of phosphorus fertilizer . Zinc did not influence total 
phosphorus uptake unless· accompanied by phosphorus fertilizer. The 
zinc plus phosphorus treatment produced the highest total phosphorus 
uptake in COfn plant tops . 
Phosphorus fertilizer applications increased the P:Zn ratios 
while zinc fertilizer decreased the P:Zn ratios . The P:Zn ratios were 
insignificant in evaluating yields, zinc deficient plants or the P-Zn 
interaction mechanism . 
Al l phosphorus fertilizer treatments significantly reduced the 
potassium �oncentration in the corn plant tops, but had no effect on 
the potassium concentration in the roots . Banded phosphorus applica­
tions did not differ from broadcast applications . The application of 
zinc fertilizer did not influence the potassium concentration in the 
corn plant tops but decreased the concentration in the roots . 
The corn plant part study showed that the highest 65zn activity 
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and zinc concentration was located in the nodal area for either fertil­
izer treatment ( 320+{)+80+30 or 320+200+80+30) .  This suggests a possible 
storage area for zinc . The addition of high rates of phosphorus fertil­
izer significantly decreased the 65zn activity and zinc concentration in 
the root tips, nodal area, old leaf blades and leaf sheath . The activi­
ty and concentration of zinc were not significantly decreased in the 
roots and young leaves . 
The addition of phosphorus fertilizer significantly increased the 
phosphorus concentration in all plant parts . The potassium concen­
tration was reduced in all plant parts except the root tips when phos­
phorus fertilizer was applied . The P:Zn concentration ratios calculated 
for the corn plant parts dffered little interpretation. 
The experimental data show that high rates of applied phosphorus 
fertilizer reduce the zinc concentration in the corn plant tops with 
little change in the root portion. This indicates a� apparent P-Zn 
interaction that prevents zinc translocation to the corn . plant tops. 
It appears the interaction occurs in the plant root section between 
the root tips and nodal area, possibly the main translocation area �f 
the roots. 
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Phosphorus fertilizer applications reduce the uptake of potassium 
in the corn plant tops, with little change in the roots. Zinc 
applications increase the uptake of potassium in the tops, with little 
change in the roots. This suggests that potassium is interrelated 
with phosphorus and zinc . This may explain the effect potassium has 
on reducing the P-Zn interaction. The interrelationship requires 
further investigation. 
1 
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